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R oo f d ro in o g e  system  de s ig n  c u rv e s  a re  d e te rm in e d  by 
a n a ly s in g  e x is t in g  d a ta  on s h o r t  d u r a t io n  s to rm s . These de s ig n  
c u rv e s  a re  in  th e  fo rm  o f  f re q u e n c y  -  d u r a t io n  -  mean an nu a l 
p r e c ip i t a t io n  c u rv e s  f o r  s to rm s o f  f i v e  m in u te  d u r a t io n .
A ‘ s ta n d a rd  g u t t e r '  c o n s is t in g  o f  a s t r a ig h t  h o r iz o n ta l  
s e c t io n  o f  g u t t e r in g ,  w i th  u n ifo rm  in f lo w  a lo ng  th e  le n g th  and 
o u t le t  a t  one end i s  s e le c te d  f o r  t h e o r e t i c a l  a n a ly s is .  A 
m ethod o f  t h e o r e t i c a l l y  a n a ly s in g  such a g u t t e r  i s  p re s e n te d .
P ro o f o f  th e  adequacy o f  t h i s  a n a ly s is  i s  g iv e n .
A la r g e  number o f  ‘ s ta n d a rd  g u t t e r s '  o f  d i f f e r i n g  shapes 
and le n g th s  o re  t h e o r e t i c a l l y  a n a lyse d  f o r  v a r io u s  in f lo w  r o te s .
The r e s u l t s  o f  th e  above t h e o r e t i c a l  a n a ly s e s  a re  
in v e s t ig a te d  and g u t te r  d e s ig n  c u rv e s  f o r  t r a p e z o id a l,  r e c ta n g u la r  
and h a l f - ro u n d  g u t t e r  s e c t io n s  a re  p ro p o se d .
A v a i la b le  l i t e r a t u r e  on d ra in a g e  system  d e s ig n  i s  re v ie w e d . 
R e s u lts  f r o r  th e  r e le v a n t  p o r t io n  o f  t h i s  l i t e r a t u r e  a re  compared 
w i th  th o se  from  th e  proposed g u t t e r  d e s ig n  c u rv e s . The e f f e c t  
o f  v a r ia t io n s  o f  p r a c t i c a l  d ra in a g e  system s from  th e  ‘ s ta n d a rd  
g u t t e r 1 i s  c o n s id e re d . C o r r e c t io n  fa c to r s  to  a cco u n t f o r  such 
v a r ia t io n s  a re  p re s e n te d .
The r e s u lt s  o f  th e  p re v io u s  s e c t io n s  a re  c o n s id e re d  and a 
r o o f  d ra in a g e  system  de s ig n  manual i s  p re s e n te d .
CHAPTER 1
INTRODUCTION
R oo f d ra in a g e  has f o r  many y e a rs  been a n e g le c te d  s u b je c t  
o f  s tu d y  in  South A f r ic a .  P o s s ib ly  t h i s  i s  due t o  th e  f a c t  t h a t  
th e  c o s t o f  d ra in a g e  system s on any b u i ld in g  i s  o n ly  a f r a c t io n  
o f  th e  t o t a l  c o s t and in  a d d i t io n  f a i l u r e  o f  th e  system  by 
o v e r f lo w in g  i s  seldom  c a ta s t r o p h ic .  G e n e ra l ly ,  f a i l u r e  o f  th e  
system  i s  o n ly  o f  n u is a n c e  v a lu e . However i n  c e r ta in  c irc u m s ta n c e s  
f a i l u r e  may r e s u l t  i n  damagr to  m a te r ia l  w i t h in  th e  b u i ld in g  w ith  
r e s u l t a n t  f i n a n c ia l  re p e rc u s s io n s . In  such in s ta n c e s  i t  i s  
d e s ira b le  th a t  g u t t e r  d e s ig n  be based on sound t h e o r e t ic a l  p r in c ip le s .  
C o n s id e ra t io n  sh o u ld  a ls o  be g iv e n  t o  th e  hyd roe con om ics o f  th e  
d e s ig n . The c o s t  o f  f a i l u r e  o f  th e  d ra in a g e  system  s h o u ld  be 
compared w i th  th e  c o s t o f  th e  d ra in a g e  sys te m ; b u i ld in g s ,  such 
as a r t  g a l l e r ie s ,  w ith  a h ig h  f a i l u r e  c o s t ,  sh o u ld  have  t h e i r  
d ra in a g e  system s d e s ign ed  on la r g e  is c u r r e n c e  in t e r v a ls  o f  f a i l u r e ,  
whereas b u i ld in g s ,  such as r e s id e n t ia l  d w e llin g s ,  w i th  a low  
f a i l u r e  c o s t ,  s h o u ld  have t h e i r  d ra in a g e  system s d e s ig n e d  on low  
re c u rre n c e  i n t e r v a ls  o f  f a i l u r e .
A t  th e  p re s e n t m ost g u t t e r  d e s ig n  in  South A f r i c a  i s  based 
on r u le  o f  thumb te c h n iq u e s  d e ve lo pe d  by e x p e r ie n c e . M ost la r g e  
f i r m s  o r  o r g a n is a t io n s  have t h e i r  own d e s ig n  c r i t e r i a  and many o f  
th e s e  d i f f e r  r a d ic a l ly .  Thus i t  appears t h a t  th e r e  i s  an u rg e n t 
need f o r  a m anual o u t l i n in g  some r a t io n a l  b a s is ,  backed by sound
2th e o r e t i c o l  p r in c ip le s ,  upon w h ich  g u t t e r  d e s ig n  con be founded.
The p ro b lem  o f  r o o f  d ra in a g e  was f a i r l y  co m p re h e n s ive ly  
in v e s t ig a te d  by th e  B u i ld in g  R esearch S ta t io n  in  E ng land in  1958 
and a g a in  i n  1969. These in v e s t ig a t io n s  e n ta i le d  a la r g e  amount 
o f  e x p e r im e n ta t io n  on t e s t  g u t t e r s .  E m p ir ic a l fo rm u la e  were 
th e n  f i t t e d  t o  t e s t  r e s u l t s  and d e s ig n  c r i t e r i a  w ere based on 
th e s e  fo rm u la e , M a r t in  (1 9 7 3 ) p re s e n te d  a m ethod o f  d ra in a g e  
system  d e s ig n  f o r  A u s t r a l ia n  c o n d i t io n s .  T h is  m ethod i s  
e s s e n t ia l ly  a m o d if ie d  v e rs io n  o f  th e  B u i ld in g  R esearch S ta t io n  
d e s ig n  method and i s  based on t h e i r  e m p ir ic a l  d a ta . M a r t in  does 
how ever p re s e n t s e v e ra l im provem ents  to  th e  B u i ld in g  Reseorcti 
S ta t io n  m ethod, one o f  them b e in g  th e  in t r o d u c t io n  o f  th e  
re c u rre n c e  in t e r v a l  o f  f a i l u r e  t o  th e  d e s ig n  p a ra m e te rs .
B o th  o f  th e  above ap proaches a re  based on e m p ir ic a l  d a ta  
fro m  a l im i t e d  number o f  t e s t  g u t t e r s .  I n  a d d i t io n  c e r ta in  
assu m ptio ns  a re  mode t h a t ,  i t  i s  f e l t ,  do n o t  a lw a ys r e s u l t  in  
optim um  d ra in a g e  system  d e s ig n . Thus i t  was de c id e d  t o  seek some 
a l t e r n a t iv e  m ethod o f  g u t t e r  d e s ig n  based on t h e o r e t i c a l  p r in c ip le s .
Ward and T r im  (1 9 7 2 ) p ro po sed  a m ethod by means o f  w h ich  
a g u t t e r  can be t h e o r e t i c a l l y  a n a lyse d  and t h e i r  m ethod has been 
adop ted in  t h i s  d is s e r t a t io n .
T h is  in v e s t ig a t io n  o f  d ra in a g e  system  d e s ig n  has been 
d iv id e d  i n t o  s e v e ra l s e c t io n s .  The g e n e ra l a sp e c ts  o f  th e se  
s e c t io n s  a re  b r i e f l y  in tro d u c e d  in  th e  fo l lo w in g  p a ra g ra p h s .
( a )  DETERMINATION OF THE CRITICAL RAINFALL INTENSITY
FOR GUTTER DESIGN
The r a i n f a l l  d u r a t io n  o f  f i v e  m in u te s  is, s e le c te d  as th e  
c r i t i c a l  s to rm  d u r a t io n  f o r  d ra in a g e  system  d e s ig n .
I n t e n s i t y ,  fre q u e n c y , d u r a t io n ,  mean an nu a l p r e c ip i t a t io n  
c o - a x ia l  p lo t s  f o r  th e  th re e  r a i n f a l l  r e g io n s  in  South A f r ic a  o re  
e x t ra p o la te d  t o  o b ta in  th e  in t e n s i t y ,  fre q u e n c y  and mean an nu a l 
p r e c ip i t a t io n  v a lu e s  f o r  s to rm  d u r a t io n s  o f  f i v e  m in u te s . The 
c o - a x ia l  p lo t s  em ployed a re  un d e r c r i t i c i s m  (se e  Bergman (1 9 7 4 ))  
b u t  due t o  th e  absence o f  f u r t h e r  d a ta  i t  i s  f e l t  t h a t  t h i s  i s  
th e  b e s t method a t  p re s e n t a v a i la b le .  These v a lu e s  a re  p lo t t e d  
t o  g iv e  r o o f  d ra in a g e  system  d e s ig n  c u rv e s .
( b )  THE CONSTRUCTION AND VERIFICATION OF A MATHEMATICAL MODEL
BY MEANS OF WHICH A STANDARD GUTTER CAN BE ANALYSED
T he re  a re  an e x te n s iv e  number o f  v a r ia b le s  in v o lv e d  in  th e  
d e s ig n  o f  a p r a c t i c a l  r o o f  d ra in a g e  sys te m . These v a r ia b le s  
in c lu d e  g u t te r  le n g th ,  c r o s s - s e c t io n a l  a re a , s iz e  and p o s i t io n  o f  
dow np ipes and s lo p e . I f  a l l  such v a r ia b le s  a re  ta ke n  in t o  
a cco u n t a t h e o r e t i c a l  a n a ly s is  o f  th e  d ra in a g e  system  w i l l  be 
e x t re m e ly  com p lex, i f  n o t  im p o s s ib le . Thus a 's ta n d a rd  g u t te r *  
i s  s e le c te d  f o r  a n a ly s is .
T h is  's ta n d a rd  g u t t e r 1 c o n s is ts  o f  a s t r a ig h t ,  h o r iz o n t a l  
s e c t io n  o f  g u t t e r in g ,  w i th  on o u t le t  a t  one end and u n ifo rm  
in f lo w  a lo n g  i t s  t o t a l  le n g th .  The f lo w  c o n d i t io n  in  o 
s ta n d a rd  g u t t e r  i s  an exam ple o f  s p a t i a l l y  v a r ie d  f lo w  and i s  
a n a ly s e d  u s in g  an e q u a tio n  d e r iv e d  from  momentum c o n s id e ra t io n s .
4T h is  e q u a tio n  i s  te rm ed th e  H in d s  E q u a tio n , and i t  d e f in e s  th e  
w a te r  s u r fa c e  p r o f i l e  i n  th e  g u t t e r  i n  an i t e r a t i v e  fa s h io n  
H ow ever, t o  a p p ly  th e  H ind s  E q u a tio n  th e  d e p th  o f  f lo w  a t  any 
one s e c t io n  m ust be known.
I t  i s  assumed th a t  th e  g u t t e r  behaves l i k e  a f r e e  o v e r f a l l  
s p i l lw a y  a t  th e  o u t l e t .  R e s u lts  s u p p o r t in g  t h is  assu m ptio n  a re  
p re s e n te d . T h is  im p l ie s  t h a t  th e  d e p th  o f  f lo w  a t  th e  o u t l e t  i s  
be low  c r i t i c a l  d e p th  and po sses th ro u g h  th e  c r i t i c a l  de p th  some 
d is ta n c e  up s trea m  from  th e  o u t le t .
A s u p e r c r i t i c a l  f lo w  d e p th  in  a h o r iz o n t a l  ch a n n e l i s  
how ever n o t  i n  ke e p in g  w i th  th e  b a s ic  a ssu m ptio ns  on w h ich  th e  
H ind s  E q u a tio n  i s  based . Thus th e  p ro b lem  a r is e s  as t o  w h e th e r 
t o  use th e  a c tu a l  s u p e r c r i t i c a l  depth  a t  th e  o u t le t  o r  some o th e r  
h y p o th e t ic a l  d e p th  as th e  s t a r t in g  d e p th  in  th e  H in d s  a n a ly s is .
I t  i s  shown t h a t  t h e o r e t i c a l  r e s u l t s  a re  in  good agreem ent 
w i th  e x p e r im e n ta l r e s u l t s  i f  i t  i s  assumed t h a t  *h e  de p th  o f  f lo w  
a t  th e  o u t le t  i s  e q u a l t o  th e  c r i t i c a l  f lo w  d e p th . The c r i t i c a l  
f lo w  de p th  i s  th u s  used as th e  s t a r t in g  p o in t  i n  th e  H ind s  a n a ly s is .
The a n a ly s is  i s  a p p l ie d  to  s e v e ra l g u t te r s  f o r  w h ich  
e x p e r im e n ta l r e s u l t s  a re  a v a i la b le .  Good c o r r e la t io n  between 
e x p e r im e n ta l and t h e o r e t i c a l  r e s u l t s  i s  o b ta in e d .
The e f f e c t  o f  th e  v a lu e  o f  M anning 'n *  i s  in v e s t ig a te d .
The v a lu e  n s 0 ,0 1 6  g iv e s  b e s t agreem ent between th e o r e t ic a l  and 
e x p e r im e n ta l r e s u l t s  and i s  th u s  s e le c te d  f o r  uso .
( c )  THEORETICAL ANALYSIS OF A NUMBER OF STANDARD GUTTERS WITH
DIFFERENT SHAPES, LENGTHS AND INFLOWS
A la r g e  number o f  s ta n d a rd  g u t te r s  w i th  d i f f e r i n g  shapes, 
le n g th s  and in f lo w s  a re  a n a lyse d  u s in g  th e  m a th e m a tic a l model 
d e ve lo pe d  i n  C h a p te r  ( b ) .  Tho o u tp u t from  th e s e  a n a ly s e s  i s  
th e  r e q u ir e d  c r o s s - s o c t io n a l  a re a  o f  f lo w  f o r  any g iv e n  shape, 
le n g th  and in f lo w  r a te .
C om puter programmes were d e ve lo pe d  to  p e r fo rm  th e se  
a n a ly s e s . These programmes a re  d is c u s s e d  and th e  r e s u lt s  
p re s e n te d  i n  th e  fo rm  o f  com p ute r p r in t - o u t s .
(=0 THE ANALYSIS 0 "  THE RESULTS OF ( c )
The o u tp u t from  th o  p re v io u s  s e c t io n  i s  a v a s t  number o f  
com p ute r p r in t o u t s  c o n ta in in g  th e  r e q u ir e d  c r o s s - s e c t io n a l  a re a  
o f  g u t t e r  f o r  a g iv e n  shape, le n g th  and in f lo w  r a te .  These 
p r in t o u t s  c o n ta in  a l l  th o  in fo r m a t io n  t h a t  i s  n e ce ssa ry  f o r  th e  
d e s ig n  o f  th e  p a r t i c u la r  g u t t e r  shapes and le n g th s  a n a ly s e d .
T h is  in fo r m a t io n  i s  how ever c o n ta in e d  in  a fo rm  t h a t  i s  n o t 
r e a d i ly  u s a b le .
Methods o f  a b b r e v ia t in g  t h i s  o u tp u t  w ore sou g h t so ns to  
make i t  more p r a c t i c a l  f o r  use i n  a g u t t e r  system  d e s ig n  m anua l.
I n  a d d i t io n  means o f  g e n e r a l is in g  th e  r e s u l t s  to  c a t e r  fo r  any 
d ra in a g e  system  d e s ig n  p rob lem  w ore in v e s t ig a te d .
M a th e m a tic a l r e la t io n s h ip s  between th e  v a r ia b le s ,  shape, 
le n g th ,  i n f lo w  r a te  and r e q u ir e d  c r o s s - s o c t io n a l  a re a  were so u g h t. 
E q u a tio n s  w ere fo un d  f o r  t r a p e z o id a l,  r e c ta n g u la r  and h a l f - ro u n d  
g u t te r s  such th a t  a l l  th e  d e s ig n  c r i t e r i a  reduced t o  p o in ts  on u
s in g le  c u rv e  f o r  each p a r t i c u la r  shape. These c u rv e s  a re  
g e n e ra l d e s ig n  c u rv e s  t h a t  can r e a d i ly  be used in  a g u t t e r  de s ig n  
m anua l.
( e )  A REVIEW OF EXISTING METHODS OF GUTTER DESIGN AND A 
COMPARISON WITH THE RESULT OF (d )
E x is t in g  m ethods o f  g u t t e r  d e s ig n  a re  b r i e f l y  re v ie w e d . 
These d e s ig n  m ethods o re  compared w i th  th e  d e s ig n  c u rv e s  o f  th e  
p re v io u s  s e c t io n .
M ost p r a c t i c a l  g u t t e r  system s v a ry  from  th e  s ta n d a rd  
g u t t e r  t h a t  has been t h e o r e t i c a l l y  a n a ly s e d . The e f f e c t  o f  
v a r ia t io n  o f  p r a c t i c a l  g u t t e r  system s fro m  th e  s ta n d a rd  g u t t e r  
a re  c o n s id e re d . Such v a r ia t io n s  a re  a cco un te d  f o r  by a p p ly in g  
c o r r e c t io n  f a c to r s  t o  th e  's ta n d a r d  g u t t e r 1 r e s u l t s .  C o r r e c t io n  
f a c to r  v a lu e s  a re  o b ta in e d  fro m  p re v io u s  in v e s t ig a t o r s 1 r e s u l t s .
( f )  PRESENTATION OF A TENTATIVE ROOF DRAINAGE SYSTEM 
DESIGN MANUAL
The r e s u l t s  o f  th e  a n a ly s e s  o f  s ta n d a rd  g u t te r s  a re  
com bined w i th  r e le v a n t  p o r t io n s  o f  th o  p re v io u s  in v e s t ig a to r s '  
w o rk  to  p ro du ce  a m anual f o r  th e  d e s ig n  o f  p r a c t i c a l  r o o f  
d ra in a g e  system s,
7CHAPTER 2
DETERMINATION OF CRITICAL RAINFALL INTENSITIES FOR 
GUTTER DESIGN
SELECTION OF CRITICAL DURATION
G iven  th e  re c u rre n c e  in t e r v a l  o f  f a i l u r e ,  th e r e  i s  a 
p a r t i c u l a r  i n t e n s i t y  o f  s to rm  th a t  w i l l  cause a g u t t e r  system  to  
f a i l  by o v e r f lo w in g .  T h is  i n t e n s i t y  i s  te rm ed  th e  d e s ig n  in t e n s i t y  
o f  th e  g u t t e r  system .
To d e te rm in e  t h i s  i n t e n s i t y  i t  i s  n e ce ssa ry  to  c o n s id e r  
th e  d u r a t io n  o f  s to rm  t h a t  w i l l  bo c r i t i c a l .  T h is  c r i t i c a l  
d u r a t io n  w i l l  e q u a l t i ie  t im e  e la p se d  from  th e  s t a r t  o f  th e  s to rm  
t o  when th e  w ho le  r o o f  i s  c o n t r ib u t in g  in f lo w  t o  th e  g u t t e r  
o u t l e t .  The c r i t i c a l  d u r a t io n  depends on many fa c to r s  and 
c a n n o t bo o b ta in e d  t h e o r e t i c a l l y .
I t  i s  f e l t  t h a t  a re a s o n a b le  e s t im a te  o f  t h i s  d u r a t io n  f o r  
r o o f  d ra in a g e  system s i s  f i v t  m in u te s  and t h i s  va lu e  has been 
ad o p te d . M a r t in  (1 9 7 3 ) has a ls o  ad op ted t h i s  v a lu e .
AVAILABLE DATA ON SHORT DURATION STORMS
Van Wyk (1 9 6 5 ) hoc in v e s t ig a te d  s h o r t  d u r a t io n ,  h ig h  
i n t e n s i t y  s to rm s . The m a jo r  p ro b lem  e n co u n te re d  was th e  la c k  o f  
d a ta  on such s h o r t  d u r a t io n  s to rm s . Van Wyk d e r iv e d  c u rve s  
r e la t in g  th e  moan an n u a l p r e c ip i t a t io n  t o  th e  r a i n f a l l  i n t e n s i t y  
f o r  d i f f e r e n t  re c u rre n c e  in t e r v a ls  and r a i n f a l l  d u r a t io n s  f o r  
th e  th re e  m e te o r o lo g ic a lly  homogeneous r e g io n s  in  Sou'.h A f r i c a .
8These re g io n s  a re  th e  w in te r ,  summer and y e a r  round r a i n f a l l  
r e g io n s  as seen in  F ig u re  1 .
The H y d r o lo g ic a l  R esearch U n i t  (19 72 ) em ployed ih e  van Wyk 
c u rv e s  in  d e r iv in g  a c o - a x ia l  p lo t  r e la t in g  mean an nu a l p r e c ip i t a t io n ,  
fre q u e n c y  and d u r a t io n  to  th e  de p th  o f  p r e c ip i t a t io n  f o r  th e  th re e  
r a i n f a l l  r e g io n s . T h is  c o - a x ia l  p lo t  i s  re p ro d u ce d  in  F ig u re  2 
and i s  em ployed in  o b ta in in g  th e  r a i n f a l l  i n t e n s i t i e s  f o r  s to rm s 
o f  f i v e  m in u te  d u r a t io n .
COMPILATION OF GUTTER DESIGN CURVES
D ate  v/as a b s tra c te d  fro m  F ig u re  2 in  th e  fo l lo w in g  manners 
F o r a s e le c te d  mean an nu a l p r e c ip i t a t io n  and re c u rre n c e  in t e r v a l ,  
d e p th s  o f  p r e c ip i t a t io n  wore a b s tra c te d  f o r  th o  d i f f e r e n t  s to rm  
d u r a t io n s  f o r  th o  th re e  r e g io n s .  Tho p r e c ip i t a t io n  d e p th s  were 
c o n v e rte d  t o  i n t e n s i t i e s  and th e  p ro co a s  re p e a te d  f o r  a number o f  
moan an nu a l p r e c ip i t a t io n s  end re c u rre n c e  in t e r v a ls .
A l l  th o  a b s tra c te d  va lu e s , c o n v e r te d  to  i n t e n s i t y  v a lu e s  
are  l i s t e d  in  A p pe nd ix  A and an exam ple oF th o  a b s tra c te d  d a ta  f o r  
macn an n u a l p r e c ip i t a t io n  o f  £00 m il l im e t r e s  and re c u rre n c e  in t e r v a l  
o f  50 y e a rs  i s  g iv e n  in  T a b le  1 .
Those a b s tra c te d  v a lu e s  were p ro cesse d  as f o l lo w s :  F o r a
p a r t i c u la r  mean an n u a l p r e c ip i t a t io n  and re c u rre n c e  in t e r v a l ,  th e  
in t e n s i t y  was p lo t t e d  a g a in s t t im e  on s e m i- lo g a r ith m ic  p a p e r.
The r e s u l t a n t  p o in ts  a p p ro x im a te d  a s t r a ig h t  l i n o  and th e  b e s t 
f i t  l i n e  was drawn th ro u g h  th o s o  p o in ts ,  ( I t  was f e . l t  t h a t  th e  




F/g.2 : 'D ap ih - durab ion- Frequency 
diagram  for p o in t ra in fa ll 
( a f te r  H R-U’ 1972)
TABLE 1 : DEPTH. DURATION. FREQUENCY DATA ABSTRACTED FROM
FIGURE 2
D u ra t io n Depth o f  P r e c ip i t a t io n  -  mm I n t e n s i t y  -  m. / h r
h rs Summer W k f , Year
Round
Summer W in te r Y ear
0 ,2 5 42 1 7 ,2 32 168 6 3 ,8 128
C, 50 65 27 5 4 ,5 130 54 109
0 ,7 5 7 7 ,5 34 70 1 0 3 ,4 4 5 ,5 9 3 ,5
1 .0 0 86 3 7 ,5 82 86 3 7 ,5 82
2 ,0 0 95 44 95 4 7 ,5 22 4 7 ,5
4 ,0 0 - - -
8 ,0 0 - - -
1 2 ,0 0 - - -
2 4 ,0 0 - . -
th e  d ra w in g  o f  re g re s s io n  c u rv e s  th ro u g h  th e s e  p o in ts .  In  
a d d i t io n  w here a c e r ta in  amount o f  s c a t t e r  o f  th e  p o in ts  e x is te d ,  
th e  l i n e  t h a t  gave a c o n s e r v a t iv e  r e s u l t  f o r  th e  f i v e  m in u te  
d u r a t io n  in t e n s i t y  v a lu e  was d ra w n .)  T h is  f i t t e d  l i n e  was th e n  
e x t ra p o la te d  t o  g iv e  th e  i n t e n s i t y  f o r  th e  f i v e  m in u te  d u r a t io n
Examples o f  th e  cu rve s  th u s  o b ta in e d  o re  in  A p pe nd ix  A and F igu : 
'J i s  an exam ple f o r  moan a n n u a l p r e c ip i t a t io n  o f  500 m il l im e t r e s  and 
re c u rre n c e  i n t e r v a l  o f  50 y e a rs  and f o r  th e  summer, w in te r
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and y e o r -ro u n a  r a i n f a l l  r e g io n s .
The in t e n s i t y  values f o r  th e  f i v e  m in u te  d u r a t io n  s to rm s  a re  
a b s t r a c te d  fro m  th e s e  c u rv e s  ond r e s u l t s  a re  l i s t e d  in  T a b le  2 .
The r e s u l t s  w ere p lo t t e d ,  y ie ld in g  c u rve s  c f  i n t e n s i t y  v e rsu s  
mean a n n u a l p r e c ip i t a t io n  f o r  v a ry in g  re c u rre n c e  in t e r v a ls  f o r  th e  
th re e  r a i n f a l l  re g io n s  f o r  th e  c r i t i c a l  d u r a t io n  o f  f i v e  m in u te s .
These c u rv e s  a re  g iv e n  in  F ig u re s  4 , 5 and 6 and can be used to  
o b ta in  th e  c r i t i c a l  r a i n f a l l  in t e n s i t y  f o r  g u t t e r  d e s ig n  f o r  
b u i ld in g s  in  South  A f r ic a .
H e n c e fo r th  w henever th e  d e s ig n  in t e n s i t y  i s  r e fe r r e d  t o ,  i t  
i s  th e  c r i t i c a l  i n t e n s i t y  f o r  a g u t t e r  a t  a p a r t i c u la r  s i t e  ond 
f o r  a p a r t i c u la r  re c u rre n c e  in t e r v a l  o r  f a i l u r e  as d e te rm in e d  by 
th e s e  c u rv e s . I t  sh o u ld  be n o te d  t h a t  th e se  c u rv e s  a re  a p p l ic a b le  
to  any p ro b lem  in  w h ich  th e  f i v e  ,m inute  d u r a t io n  s to rm  i s  
c o n s id e re d  c r i t i c a l .
R ecent in v e s t ig a t io n  has in d ic t /c u d  t h a t  e r r o r s  may e x is t  in  
th e  c o - a x ia l  p lo t  ( F ig u r e  2 )  from  w h ich  th o s e  d e s ig n  cu rve s  were 
d e r iv e d .  However i n  th e  absence o f  f u r t h e r  d a ta  i t  i s  f e l t  t h a t  
th e  method em ployed i s  th e  b e s t a v a i la b le .  Readers a re  how ever 
a d v is e d  to  keep a b re a s t w ith  modern te c h n iq u e s  o f  d e te rm in in g  
r a i n f a l l  i n t e n s i t i e s  f o r  s h o r t  d u r a t io n  s to rm s .
P ig . 2, • P\o1 o f ivxtciAsiP/ N6. dorarffov\ - fk r  isu^ivvur' ... j  
I I , j w in te r  Bind, 'y e a r - r o o ^ d  j j
M . A . P .  *s 500 w x i l l l v w ^ t r s s  
& ,% , "  5 0  y e a rs
6 u w \iM iz .r  £a 'iir\ 'fa ti 6 ,e g "u  
Year -  Eoofvd G a ir fA l l Ga 
Y l'w x V e r  S a '»A -P a i\ E t z o i
D u ra + v O A  ivx m l n u t o s
Fig,.3 -  Plot o f idxfrmsi-t-y VS. durdrtioiA - fo r sutviywur; j. | 
I  l  ,  j  v ^ i w t c y r  a . i r d .  ' y e a r - r o u n d .  Q . o s g i c x n ' S  j  . j  |
M .A .P .  ** 5 0 0  m i l l w ^ - t n z s  
Q , , Z . ,  ^  5 0  y e a r s
L e g m d  6uuvw v\a ,r Q aVxfsU  P - e ^ ' t o n  X  
i i y & s r  -  E o ov\d  ( Z a 't n fa i\  G a l l o n  O  •
I i ^vv'r& r Be^ioin A .
Dura^xoA \v\ m in u te s
a.ft.P . FOR STORMS OP 5_MrJilgB. Busausw

MEAN ANNUAL PRECIPITATION IN MILLIMETRES
Fig. 5 GUTTER DESIGN CURVE FOR WINTER RAINFALL REGIONS
§i
r e c m S g B j ^ V A L l S - " *
MEAN ANNUAL PRECIPITATION IN MILLIMETRES
Fig. 6. GUTTER DESIGN CURVE FOB YEAR-ROUND RAINFALL REGION
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CHAPTER 3
THE CONSTRUCTION AND VERIFICATION OF A MATHEMATICAL MODEL BY 
MEANS OF WHICH A STANDARD GUTTER CAN BE ANALYSED
DEFINITION OF A STANDARD GUTTER
G.ivnn th e  d e s ig n  in t e n s i t y  and th e  r o o f  shape and s lo p e , 
th e n  th e  q u a n t i t y  o f  w a te r  f lo w in g  i n t o  a g u t t e r  can be d e te rm in e d . 
The d i s t r i b u t i o n  o f  th e  in f lo w ,  how ever, depends on th e  r o o f  shape. 
S in ce  th e  m a jo r i t y  o f  p r a c t i c a l  r o o f  system s a re  r e c ta n g u la r  in  
shape, o n ly  g u t te r s  w ith  u n ifo rm  in f lo w s  w i l l  be c o n s id e re d .
The p ro b le m  i s  f u r t h e r  s im p l i f ie d  by assum ing;
(a )  th e  g u t t e r  to  have one o u t l e t  a t  one end.
( b )  th e  g u t t e r  t o  be h o r iz o n t a l .
Thus th e  system  t o  be t h e o r e t i c a l l y  a n a lyse d  c o n s is ts  o f  a 
h o r iz o n t a l  le n g th  o f  g u t t e r  w i th  u n ifo rm  in f lo w  and on o u t le t  a t  
one end. T h is  i s  r e fe r r e d  t o  os th e  ' s ta n d a rd  g u t t e r 1.
DEVELOPMENT Or A THEORETICAL ANALYSIS OF A STANDARD GUTTER 
The a n a ly s is  o f  a s ta n d a rd  g u t t e r  com p rise s  o f  th e  
d e te rm in a t io n  o f  th e  w a te r  s u r fa c e  p r o f i l e  in  a g u t t e r  o f  g iv e n  
le n g th  and shape and f o r  a g iv e n  in f lo w .
The f lo w  s i t u a t io n  in  th e  s ta n d a rd  g u t t e r  i s  an exam ple o f  
s n a t ia l l y  v a r ie d  f lo w .  T h is  has a n o n -u n ifo rm  d is c h a rg e  r e s u l t in g  
from  th e  a d d i t io n  o r  r e d u c t io n  o f  w a te r  a lo n g  i t s  le n g th .  The 
added w a te r  w i l l  cause d is tu rb a n c e  in  th e  en ergy o r  momentum 
c o n te n t o f  th e  f lo w .  As a r e s u l t  th o  h y d r a u lic  b e h a v io u r  o f  a
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s p a t i a l l y  v a r ie d  f lo w  s i t u a t io n  i s  more c o m p lic a te d  th a n  t h a t  o f  
a c o n s ta n t d is c h a rg e . S in ce  g u t te r  f lo w  i s  o p ro b lem  o f  in c re a s e d  
d is c h a rg e  o n ly  t h i s  w i l l  be c o n s id e re d , A t y p ic a l  exam ple o f  t h is  
ty p e  o f  f lo w  s i t u a t io n  i s  a s id e  ch a n n e l s p i l lw a y .
SPATTSLLY VARIED FLOW WITH INCREASING DISCHARGE
The p ro b lem  was f i r s t  in v e s t ig a te d  in  1926 by J u l ia n  H ind s  
i n  c o n n e c tio n  w i th  th e  c a p a c ity  o f  and e n e rg y  lo o s e s  in  s id e -c h a n n e l 
s p i l lw a y s .  S in ce  th e n  much w ork has been done on i t  and e q u a tio n s  
d e s c r ib in g  th e  w a te r  s u r fa c e  p r o f i l e  hove been d e ve lo p e d . A t t h i s  
s ta g e  i t  m ust be p o in te d  o u t t h a t  due to  th e  v e ry  n a tu re  o f  th e  
f lo w  s i t u a t io n ,  w i th  in f lo w  no rm a l to  o u t f lo w ,  tu rb u le n c e  and 
seco nd ary  c u r r e n ts  w i l l  be d e v e lo p e d . T h is  m ix in g  o f  th e  added 
w a te r  and th e  w a te r  a lre a d y  f lo w in g  in  th e  c h a n n e l , r e s u l ts  i n  h ig h  
e n e rg y  lo s s e s  t h a t  ca n n o t be com puted. A n o th e r r e s u l t  o f  th e  h ig h  
e n e rg y  lo s s e s  i s  t h a t  th e  momentum e q u a tio n  i s  fo un d  t o  be more 
c o n v e n ie n t th a n  th e  en e rg y  e q u a tio n  in  s o lv in g  th e  f lo w  s i t u a t io n .
In  th e  d e r iv a t io n  o f  th e  s p a t i a l l y  v a r ie d  f lo w  e q u a tio n , 
th e  fo l lo w in g  assu m ptio ns  a re  made:
1 )  The f lo w  i s  u n id i r e c t io n a l .  A c t u a l ly  th e r e  a re  
u s u a l ly  c ro s s  c u r r e n ts  i n  th e  fo rm  o f  s p i r a l  f lo w s  -  th e  e f f e c t
o f  th e s e  c u r r e n ts  and th e  accom panying tu rb u le n c e  can n o t be e a s i ly  
e v a lu a te d , b u t i s  ta ke n  in t o  acco u n t i f  th e  momentum p r in c ip le  i s  
em p loyed . IN  ADDITION THE LATERAL UNEVENNESS OF THE WATER 
SURFACE DUE TO CROSS CURRENTS IS  IGNORED.
2 ) The v e lo c i t y  d i s t r i b u t i o n  a c ro ss  th e  ch a n n e l s e c t io n
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i s  c o n s ta n t ond u n ifo rm . T h is  im p l ie s  t h a t  th e  v e lo c i t y  
d i s t r i b u t i o n  c o e f f i c ie n t  i s  u n i t y .  P ro p e r v a lu e s  o f  th e  c o e f f i c ie n t  
may how ever be used.
4 )  The s lo p e  o f  th e  ch a n n e l i s  s m a ll ;  th u s  i t s  e f f e c t  
on th e  p re s s u re  head i s  s m a ll .  I f  th e  s lo p e  i s  a p p re c ia b le , 
c o r r e c t io n s  to  t h is  e f f e c t  may be a p p lie d .
5 )  The M anning fo rm u la  may bo used to  e v a lu a te  f r i c t i o n  
lo s s e s  due t o  sh e a r a lo n g  th e  ch a n n e l edges ( v iz .  f lo w  i s  s te a d y  
and u n ifo rm )
6 )  The o f f o c t  o f  a i r  o n tra in m o n t i s  n e g l ig ib le .  A
c o r r e c t io n  how ever may be a p p l ie d  to  th e  com puted r e s u l t s  where 
n e c e s s a ry , (These a ssu m ptio ns  sho u ld  be n o te d  and bo rne  in  m ind 
when a p p ly in g  r e s u l t s  o f  th e  a n a ly s is . )
C o n s id e r th e  d ia g ra m m a tic  re p re s e n ta t io n  o f  th e  f lo w  s i t u a t io n  
as shown in  F ig u re  7 .  By a p p ly in g  th e  momentum e q u a tio n  between 
s e c t io n s  ( l )  and ( 2 )  and u s in g  th e  M anning e q u a tio n  to  d e r iv e  th e  
head lo s s  between th e  s e c t io n s ,  th e  dynam ic e q u a tio n  f o r  s p a t ia l l y  
v a r ie d  f lo w  w i th  in c r e a s in g  d is c h a rg e  can be d e te rm in e d . The 
d e r iv a t io n  i s  p re s e n te d  i n  r e fe re n c e  5 ond th e  f i n a l  e q u a tio n  has 
th e  fo rm ;
whore (1% = r a te  o f  change o f  de p th  w ith  d is ta n c e  a lo n g  ch a n n e l bed.
So = bed s lo p e
S f b f r i c t i o n  s lo p o  = n^
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Fig 1  ■ D'\agjrts>vT\'jv\a-Hc. R£pr<zscrH'eyHovx o f &pecWt\yi
v a r i e d  - A o v ^ i .
r
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^  = e n e rg y  c o e f f i c ie n t  to  acco u n t f o r  no n u n ifo rm  v e lo c i t y  
d i s t r i b u t i o n
Q a  t o t a l  d is c h a rg e  a t  a s e c t io n
d *  = = in f lo w  t ie r  u n i t  le n g th
A s c r o s s - je c t io n a l  a re a  o f  f lo w
D s. h y d r a u l ic  d e p th  w h ich  i s  th e  c r o s s - s e c t io n a l  a re a  o f  
w a te r  no rm a l to  th e  d i r e c t io n  o f  f lo w  in  th e  cha nn e l 
d iv id e d  by th e  w id th  o f  f r e e  s u r fa c e . F o r r e c ta n g u la r  
c h a n n e ls  t h i s  e q u a ls  th e  d e p th  o f  f lo w .
N ote  t h a t  i f  q *  e q u a ls  z e ro , th e  e q u a tio n  becomes th e  dynam ic
e q u a tio n  f o r  g r a d u a l ly  v a r ie d  f lo w  w i th  c o n s ta n t d is c h a rg e .
F o r s im p le  cases t h i s  e q u a tio n  can bo d i r e c t l y  in te g r a te d .
However f o r  m ost casos a method o f  n u m e r ic a l in te g r a t io n  m ust be
u se d . S in ce  th e  n u m e r ic a l method i s  th e  more g e n e ra l m ethod, t h is
w i l l  be a p p lic a b le  i n  m ost g u t t e r  p ro b lem s and f o r  t h is  rea son th e
n u m e r ic a l i n te g r a t io n  e q u a tio n  i s  used.
THE NUMERICAL INTEGRATION EQUATION FOR SPATIALLY VARIED FLOW
T h is  e q u a tio n  i s  d e r iv e d  in  A p pe nd ix  B by u s in g  momentum 
c o n s id e ra t io n s .  The e q u a tio n  i s  r e fe r r e d  t o  as th e  H ind s  
e q u a tio n  and has th e  fo rm :
w here , r e f e r r i n g  to  f ig u r e  7 ;
A y 1 = change in  e le v a t io n  o f  w a te r  s u r fa c e
S f s  s lo p e  o f  th e  e n e rg y  l i n e  botwoon th e  tw o s e c t io n s  
A x  ss h o r iz o n t a l  d is ta n c e  between th e  tw o s e c t io n s
V = v e lo c i t y a t  a p p r o p r ia te  s e c t io n
Q = d isch a rg e i a t  a p p r o p r ia te  s e c t io n
oL = en erg y  c o e f f i c ie n t  to  a cco u n t f o r  no n-t 
v e lo c i t y  d i s t r i b u t i o n
A V  = change i r i v e lo c i t y  between s e c t io n s
A Q  = change i r i d is c h a rg e  between s e c t io n s
The change in  w a te r  s u r fa c e  e le v a t io n  i s  g iv e n  by ;
A y '  = + A y  +  So A x  
where A y  = change in  f lo w  depth  
So = ch a n n e l s lop e
The s lo p e  o f  th e  en erg y l i n e  i s ,  a c c o rd in g  to  th e  assu m ptio ns  
v f  th e  a n a ly s is ,  g iv e n  by ;-■Sf
w here V = ave rag e  v e lo c i t y  between s e c t io n s
R" = ave rage h y d r a u lic  r a d iu s  between s e c t io n s  
n = M a n n in g 's  n va lu e
In  th e  H ind s  e q u a tio n  th e  F i r s t  te rm  on th e  r ig h th a n d  s id e ,
S f A x ,  re p re s e n ts  th e  e f f e c t s  o f  f r i c t i o n ,  w h i le  th e  second te rm  
re p re s e n ts  th e  e f f e c t s  o f  im p a c t lo s s  and tu rb u le n c e .
In  th e  cose o f  the s ta n d a rd  h o r iz o n t a l  g u t t e r ,  th e  s lo p e  
e f f e c t  f a l l s  away and;
I n  a d d i t io n  i t  i s  assumed t h a t  th e  en e rg y  c o r r e c t io n  c o e f f i c ie n t  
e q u a ls  u n i t y .
Thus th e  e q u a tio n  t h a t  i s  used to  d e te rm in e  th e  w a te r  
s u r fa c e  p r o f i l e  i n  a s ta n d a rd  g u t t e r  i s ;
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A y  = S f a x  J V I -f V2 \  21 / A V  +  W  A q \
\Q 1 +  Q2 j  g \  Q1 /
T h is  e q u a tio n  can be so lv e d  by an i t e r a t i v e  p ro ce ss  and 
w i l l  be r e fe r r e d  to  as th e  H inds e q u a t io n .
THE FLOWDEPTH AT THE OUTLET
In  a p p ly in g  th e  H ind s  e q u a t io n , th e  f lo w  d e p th  a t  one 
s e c t io n  m ust be known. The f lo w  de p th  a t  a l l  o th e r  s e c t io n s  can 
th e n  be c a lc u la te d .
A t th e  o u t le t ,  th e  d e p th  o f  f lo w  depends on s e v e ra l f a c to r s  
such as g u t t e r  s iz e  and shape, ty p e  o f  o u t l e t ,  f lo w r a te  e t c .
P o s s ib le  f lo w  c o n d i t io n s  a t  o u t l e t  m ig h t be a p p ro x im a te d  by;
f r e e  w e ir ,  drowned w e ir ,  o r i f i c e ,  o r i f i c e  w i th  s u c t io n  e t c . , o r  some
c o m b in a t io n  o f  th e  above.
Many d ra in a g e  system s s e rv in g  la r g e  r o o f  a re a s  d r a in  in t o  
b o x - re c e iv e rs .  F low  i n t o  th e s e  r e c e iv e r s  w i l l  a p p ro x im a te  fr e e  
o v e r f a l l  c o n d i t io n s .  In  th e  case o f  v e r t i c a l  dow np ipes d r a in in g  
d i r e c t l y  fro m  th e  g u t te r ,  M a r t in  (1 9 7 3 ) c o n s id e rs  t h a t  f lo w  
c o n d it io n s  w i l l  a p p ro x im a te  w e ir  c o n d i t io n s .  In s p e c t io n  o f  t h is  
ty p e  o f  system  d u r in g  p e r io d s  o f  in te n s e  r a i n f a l l  te n d s  to  v e r i f y  
th e  c o n d i t io n  o f  th e  f r e e  w e ir  (assu m in g t h a t  a bend i s  n o t 
s i tu a te d  d i i e c t l y  be ne a th  th e  o u t le t ,  c a u s in g  a backup o f  f la w ) .
Thus in  o r d e r  to  c a lc u la te  th e  f lo w  de p th  a t  th e  o u t le t ,  f r e e  
o v e r f a l l  w e ir  Flow m ust be b r i e f l y  c o n s id e re d .
SOME THEORETICAL CONSIDERATIONS PERTAINING TO FLOW OVER A FREE 
OVERFALL WEIR
C o n s id e r a ch a n n e l i n  w h ich  th e  f la w  i s  s u b c r i t i c a l ,  w ith
re g io n  o f





The c r i t i c a l  d e p th , Y c r ,  w i l l  o c c u r  some d is ta n c e  upstream  
c f  th e  o v e r f a l l ,  w h i le  a t  th e  o v e r f a l l  i t s e l f  a d e p th  Ye, t h *  end 
d e p th , w i l l  o c c u r .  O 'B r ie n  fo un d  t h a t  f o r  c h a n n e ls  w i th  a le v e l  
bed th e  c r i t i c a l  d e p th  was a p p ro x im a te ly  12 Y c r  up s trea m  fro m  th e  
b r in k ,  th e  d is ta n c e  in c r e a s in g  as th e  ch a n n e l s lo p e  in c re a s e d .
Rouse (1 9 3 6 ) has shown t h a t  f o r  s lo p e s  le s s  th a n  th e
c r i t i c a l  th e  end d e p th , Ye, i s  0 ,7 1 5  Y c r  o r  Y c r  = 1 ,4 0  Ye.
B a ue r (1 9 7 1 ) has shown t h a t  f o r  s lo p e s  le s s  th a n  th e
c r i t i c a l  and w i t h in  th e  rango 0 ,0  ^  S {  0 ,0 0 3 8  and f o r  M anning
n rou gh ne ss  v a lu e s  l y in g  between ,0 1 1  and ,0 1 4 , t h a t  Y c r  = l,2 9 4 7 Y e .
Thus i t  nvt • o rs  t h a t  a re a s o n a b le  e s t im a te  o f  th e  end de p th  
i s  th e  Rouse v a lu e  o f  Ye = 0 ,7 1 5  Y c r .
PROOF OF THE ASSUMPTION OF FREE OVERFLOW CONDITIONS AT OUTLET
To t e s t  th e  assu m ptio n  t h a t  f lo w  a t  th e  g u t t e r  o u t le t  i s  
a p p ro x im a te d  by f lo w  o v e r  a f r e e  o v e r f a l l  w e ir ,  a v a i la b le  t e s t  
r e s u l t s  a rc  com pared w ith  com puted t h e o r e t ic a l  r e s u l t s .
25
a f r e e  o v e r f a l l  w e ir  a t  one end.
re g io n  o f
u n i fo r m  '• s cce le .ra le x i
f lo w  f lo w
The c r i t i c a l  d o p th , Y c r , w i l l  o c c u r  some d is ta n c e  up strea m  
o f  th e  o v e r f a l l ,  w h i le  a t  th e  o v e r f a l l  i t s e l f  a de p th  Ye, th e  etid 
d e p th , . . ' i l l  o c c u r .  O 'B r ie n  fo u n d  t h a t  f o r  c h a n n e ls  w i th  a le v e l  
bed th e  c r i t i c a l  de p th  was a p p ro x im a te ly  12 Y c r U pstream  fro m  th e  
b r in k ,  th e  d is ta n c e  in c r e a s in g  as th e  ch a n n e l s lo p e  in c re a s e d .
Rouse (1 9 3 6 ) has shown t h a t  f o r  s lo p e s  lo s s  th a n  th e
c r i t i c a l  th e  end d e p th . Ye, i s  0 ,7 1 5  Y c r  o r  Y c r  = 1 ,4 0  Ye.
B a ue r (1 9 7 1 ) has shown t h a t  f o r  s lo p e s  le s s  th a n  th e
c r i t i c a l  and w i t h in  th e  ran ge  0 , 0  ^  S (" 0 ,0 0 3 8  and f o r  M anning
n rou gh ne ss  v a lu e s  l y in g  be tw een ,0 1 1  and ,0 1 4 , t h a t  Y c r  = l ,2 9 4 7 Y e .
Thus i t  ap pe ars  t h a t  a re a s o n a b le  e s t im a te  o f  th e  end de p th  
i s  th e  Rouse v a lu e  o f  Ye = 0 ,7 1 5  Y c r .
PROOF OF THE ASSUMPTION OF FREE OVERFLOW CONDITION! AT OUTLET
To t e s t  th e  assu m ptio n  th a t  f lo w  a t  th e  g u t t e r  o u t le t  i s  
a p p ro x im a te d  by f lo w  o v e r  a f r e e  o v e r f a l l  w e ir ,  a v a i la b le  t e s t  
r e s u l t s  a ro  com pared w ith  com puted th e o r e t i c a l  r e s u l t s .
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Marsh (1 9 6 8 ) has p u b lis h e d  e x p e r im e n ta l r e s u l t s  g iv in g  the 
w a te r  s u r fa c e  p r o f i l e  i n  h a lf - ro u n d  g u t te r s  f o r  v a r io u s  f lo w r a te s .
The p r o f i le s  f o r  a 0 ,1 5 2 4  m e tre  (6  in c h )  t r u e  h a l f - ro u n d  g u t te r  a re  
shown in  F ig u re  8 . ( i t  i s  r e a l is e d  th a t  a sm a ll h a l f - ro u n d  g u t t e r  
i s  n o t t r u l y  re p re s e n ta t iv e  o f  th e  la r g e  v o l le y  g u t te r s  d r a in in g  
la r g e  r o o f  a re a s . E x p e r im e n ta l d o to  on such g u t te r s  ace how ever 
l i m i t e d . )
The t h e o r e t i c a l  end de p th  i s  d e te rm in e d  from  th e  e x p re s s io n ,
Ye s 0 ,7 1 5  Y c r .  H ce i t  i s  n e ce ssa ry  to  d e te rm in e  th e  c r i t i c a l  
d e p th  in  th e  g u t . e r  f o r  v a r io u s  f lo w r a t e s .  T h is  can be fo un d  by 
u s in g  th e  f r v t  t h a t  Q^B s 1 when f lo w  i s  c r i t i c a l .  Where
gA3
Q = t o t a l  f lo w r a te
B = w a te r  s u r fa c e  w id th
A = c r n s s - s e c t io n a l  a re a  o f  f lo w
A programme was w r i t t e n  t o  c a lc u la te  th e  end d e p th  in  h a l f -  
round g u t te r s .  T h is  programme i s  d is c u s s e d  in  A p pe nd ix  C- 
R e s u lts  o f  th e  programme a re  com pared w i th  e x p e r im e n ta l end de p th s  
as a b s tra c te d  from  F ig u re  8 in  T c !) le  3 .
I t  can be seen t h a t  t h e o r e t i c a l  v a lu e s  a re  in  re a so n a b le  
agreem ent w i th  e x p e r im e n ta l v a lu e s . T h is  s tre n g th e n s  th e  b e l i e f  
t h a t  f lo w  a t  th e  o u t le t  te n d s  to  f r e e  o v e r f lo w  c o n d i t io n s .
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SELECTION OF FLOWDEPTH AT OUTLET
I t  has been p o in te d  o u t t h a t  de p th  o f  f lo w  a t  o u t le t  
appro ach es  th e  end de p th  o f  a f r e e  o v e r f a l l  w e ir .  i . e .  Ye s  0 ,7 1 5  Y c r. 
U s in g  t h i s  end d e p th  os th e  s t a r t in g  v a lu e  in  th e  H ind s  e q u a tio n  
how ever, r e s u l t s  in  a c o n t r a d i t io n  to  one o f  th e  b a s ic  a ssu m ptio ns  
on w h ich  th e  a n a ly s is  i s  based, nam ely t h a t  th e  p re s s u re  in  th e  f lo w  
i s  h y d r o s ta t ic .  C o n s id e r in g  a g u t t e r  w i th  a s u b c r i t i c a l  s l o p e , i t  
i s  im p o s s ib le  f o r  th e  f lo w  d e p th  t o  be le s s  th a n  th e  c r i t i c a l  i f  
th e  p re s s u re  i s  to  rem ain  h y d r o s ta t ic .  Thus an end d e p th  o f  
Ye = 0 ,7 1 5  Y c r  im p l ie s  t h a t  th e  p re s s u re  a t  t h i s  s e c t io n  i s  non­
h y d r o s ta t ic  (w h ic h  i t  i s )  and f lo w  i s  n o n -u n ifo rm .
F o r  th e s e  rea son s  i t  i s  f e l t  t h a t  a p p l ic a t io n  o f  th e  c r i t i c a l  
de p th  as th e  s t a r t in g  p o in t  i n  th e  H in d s  a n a ly s is  may r e s u l t  i n  more 
a c c u ra te  v a lu e s  f o r  th e  peak de p th  in  th e  g u t t e r  th a n  w i l l  r e s u l t  
from  a p p l ic a t io n  o f  th e  a c tu a l end d e p th  as th e  s t a r t in g  d e p th . 
S t a r t in g  w i th  th e  c r i t i c a l  de p th  w i l l  r e s u l t  i n  th e  t h e o r e t ic a l  
w a te r  s u n  ace p r o f i l e  l y in g  above th e  t r u e  p r o f i l e  n e a r th e  o u t le t .
I t  i s  how ever c o n s id e re d  t h a t  th e  t h e o r e t i c a l  p r o f i l e  w i l l  r a p id ly  
con ve rg e  on th e  t r u e  p r o f i l e .
To d e te rm in e  w h e th e r to  use end o r  c r i t i c a l  de p th  os th e  
s t a r t in g  va lu e  i t  i s  -e c e s s a ry  to  c a lc u la te  th e  w a te r  s u r fa c e  
p r o f i l e  u s in g  b o th  Ye and Y c r  as s t a r t in g  v a lu e s  and to  compare 
th e s e  r e s u lt s  w i th  e x p e r im e n ta l r e s u l t s .  The a v a i la b le  e x p e r im e n ta l 
r e s u l t s  a re  th e  Marsh r e s u l t s  i n  F ig u re  8 and th e  L i  (19 55 ) r e s u l t s  
f o r  r e c ta n g u la r  c h a n n e ls  as g iv e n  in  T a b le  4 .
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TABLE 4 : TEST RESULTS FOR 9 "  (0.229*) RECTANGULAR
CHANNEL WITH LEVEL BOTTOM (AFTER L i )





OUTLET, x , in  
m e tres
0 ,0 5 2 4 0 ,8 3 9 0 1,26 9 1 ,68 0 2,21 1
F L O W D E P T H at x in  m etres
0,08 66 5 0 ,35 97 0,39 62 0 ,41 15 0 ,4 2 3 7 0 ,42 67
0 ,07 13 6 0 ,32 00 0 ,3 4 7 5 0 ,36 58 0 ,3 8 1 0 0 ,3 8 1 0
0 ,06 40 0 ,31 09 0 ,3 2 6 1 0 ,34 75 0 ,35 97 0 ,3 6 2 7
0 ,06 06 0 ,28 65 0 ,3 1 3 9 0 ,32 61 0 ,33 83 0 ,33 83
0 ,05239 0 ,27 13 0 ,28 96 0 ,30 78 0 ,3 1 7 0 0 ,3 2 0 0
0 ,04531 0 ,25 91 0 ,2 7 7 4 0 ,28 96 0 ,2 9 8 7 0 ,2 9 8 7
0,03 54 0 0 ,2 1 3 4 0 ,22 86 0 ,24 03 0 ,2 4 0 8 0,2499





OUTLET, x ,  in  
m e tres
0 ,5 1 6 0 ,84 1 1,28 3 1 ,6 7 8
F L O W D E P T H at x in  m e tres
0,06 08 6 0 ,3 0 7 8 0 ,3261 0 ,33 83 0 ,3 3 5 3
0 ,0 4 6 4 4 0 ,28 65 0 ,30 18 0 ,29 87 0 ,2 9 8 7
0,03936 0 ,24 38 0 ,2 5 6 0 0 ,26 52 0 ,2 6 8 2
0,02 49 2 0 ,17 68 0 ,1 8 9 0 0 ,18 59 0 ,1 8 9 0
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I t  i s  seen t h a t  th e  e x p e r im e n ta l w a te r  s u r fa c e  p r o f i le s  
g iv e n  by Marsh a re  r a th e r  uneven. T h is  i s  due t o  tu rb u le n c e  
and seco nd ary  c u r r e n ts  and ca n n o t be c a lc u la te d  t h e o r e t i c a l l y .
These seco nd ary  e f f e c t s  a re  e l im in a te d  by d ra w in g  th e  b e s t f i t  
smooth c u rv e s  th ro u g h  th e  a c tu a l p r o f i le s .  These smooth cu rve s  
d e f in e  th e  a d ju s te d  p r o f i le s  w ith  seco n d a ry  e f f e c t  e l im in a te d .
The a d ju s te d  p r o f i le s  a re  g iv e n  in  T a b le  5.
The w a te r  s u r fa c e  p r o f i le s  in  r e c ta n g u la r  and h a lf - ro u n d  
g u t te r s  a re  c a lc u la te d  w i th  th e  a id  o f  th e  H in d s  e q u a t io n . T h is  
i s  done by com p u te r and th e  programmes a re  d iscu sse d  in  A p p e n d ix C .
B a s ic a l ly  th e  programmes s t a r t  w i th  a g iv e n  d e p th  a t  th e  
o u t l e t  ( e i t h e r  end o r  c r i t i c a l  d e p th ) .  A v a lu e  f o r  ■Lhe change 
in  w a te r  s u r fa c e  e le v a t io n  from  th e  o u t l e t  to  th e  n e x t s e c t io n  i s  
assumed. The assumed f lo w  de p th  a t  th e  n e x t s e c t io n  i s  a p p l ie d  
in  th e  H ind s  e q u a t io n  to  c a lc u la te  th e  change in  f lo w  d e p th . The
assumed and c a lc u la te d  f lo w  d e p ths  a re  com pared and i f  th e y  do n o t
ag re e  t o  th e  s p e c i f ie d  a cc u ra c y , a new change in  f lo w  de p th  i s
assumed. The p ro ce ss  i s  re p e a te d  u n t i l  th e  r e q u ir e d  a cc u ra c y  i s
o b ta in e d . The change in  f lo w  d e p th  between th e  n e x t tw o s e c t io n s  
i s  th e n  fo un d  in  th e  same manner and in  t h is  way th e  w a te r  s u r fa c e  
p r o f i l e  i n  th e  g u t t e r  i s  d e f in e d .
The r e s u l t s  o f  th e  programme f o r  h a lf - ro u n d  g u t te r s  a re  in  
A p pe nd ix  C. The t h e o r e t i c a l  p r o f i le s  fo un d  by s t a r t in g  w i th  th e  
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C om parison o f  ta b le  5 and ta b le  6 r e v e a ls  t h a t  u s in g  
th e  end de p th  as th e  s t o r t in g  d e p th  r e s u l t s  i n  t h e o r e t i c a l  w a te r  
s u r fa c e  p r o f i le s  w elJ above e x p e r im e n ta l p r o f i le s .  An e x p la n a t io n  
o f  why t h is  o c c u rs  fo l lo w s :
S t a r t in g  w i th  a de p th  le s s  th a n  th e  c r i t i c a l ,  th e  s p e c i f i c  
e n e rg y  a t  th e  o u t l e t ,  E l,  i s  g r e a te r  th a n  th e  minimum s p e c i f i c  
e n e rg y , Emin, and th e  f lo w  i s  s u p e r c r i t i c a l .  I n  m oving u p s trecm  
to  th e  n e x t s ta t io n  th e  f lo w  m ust become s u b c r i t i c a l  ( s in c e  ch a n n e l 
s lo p e  i s  s u b c r i t i c a l ) .  In  a d d i t io n  th e r e  i s  an in c re a s e  o f  
s p e c i f i c  en e rg y , A  E. , due t o  th e  in c re a s e d  f lo w  d e p th . T h is  
s i t u a t io n  i s  seen on th e  s p e c i f i c  e n e rg y  d ia g ram  b e low .
The f lo w  d e p th  a t  th e  up strea m  s t a t io n  i s  g iv e n  by 
h2 = h i  + 4  h
S t a r t in g  w ith  th e  c r i t i c a l  d e p th  a t o u t le t ,  th e  change in  
s p e c i f i c  en ergy t o  th e  up strea m  s ta t io n  w i l l  be a p p ro x im a te ly  th e  
same as b e fo re  i . e .  A  E. The r e s u l t in g  change in  f lo w  de p th  os
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seen be lo w , A  h *  = h2^ -  h i ,  i s  o b v io u s ly  le s s  th a n  in  th e  
p re v io u s  cose .
In d ic a t io n s  t h a t  t h i s  i s  w ha t a c t u a l ly  o c c u rs  a re ;
( a )  The m a jo r  d is c re p a n c y  between th e  change in  f lo w  
d e p th  c a lc u la te d  by s t a r t in g  w i th  th e  c r i t i c a l  and end d e p th s  i s  
seen t o  o c c u r  between th e  o u t le t  s e c t io n  and th e  n e x t upstream  
s e c t io n .  T h is  i s  th e  la r g e  d i f f e r e n c e  between A h  and A  h1 above.
( b )  A t th e  few  s ta t io n s  im m e d ia te ly  up strea m  fro m  th e  
o u t le t  th e  change in  f lo w  de p th  from  s ta t io n  to  s ta t io n  found 
u s in g  th e  end d e p th  i s  le s s  th a n  th e  change fo un d  u s in g  th e  
c r i t i c a l  d e p th . T h is  is  due to  th e  f a c t  t h a t  a t  s p e c i f ic  en ergy 
v a lu e s  c lo s e  to  Emin, th e  s lo p e  o f  th e  E /h  cu rve  i s  g r e a te r  th a n  
a t  h ig h e r  s p e c i f i c  e n e rg y  v a lu e s . T h is  in d ic a te s  t h a t  th e  tw o 
s t a r t in g  p o in ts  on th e  E /h  d ia g ra m , E l and El*" a re  as shown above.
( c )  S e v e ra l s e c t io n s  up strea m  from  th e  o u t le t ,  th e  
change in  de p th  from  s e c t io n  t o  s e c t io n  i s  th e  same i r r e s p e c t iv e  
o f  w h e th e r end o r  c r i t i c a l  d e p th  was used as s t a r t in g  v a lu e .
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T h is  im p l ie s  t h a t  th e s e  s e c t io n s  a re  in  th e  range where th e  s lo p e  
o f  th e  E /h  d iagram  te n d s  to  u n i t y .
In s p e c t io n  o f  T a b le  6 in d ic a te s  t h a t  th e  t h e o r e t i c a l  w a te r  
s u r fa c e  p r o f i le s  fo un d  u s in g  c r i t i c a l  de p th  as s t a r t in g  p o in t  a re  
in  good agreem ent w ith  th e  e x p e r im e n ta l p r o f i le s  a f t e r  a few 
s e c t io n s  up strea m  from  th e  o u t l e t .  The t h e o r e t ic a l  p r o f i le s  
r a p id ly  con ve rg e  on th e  e x p e r im e n ta l p r o f i le . - .  In  t h i s  s tu d y  th e  
r e g io n  o f  i n t e r e s t  i s  th e  peaks o f  th e  w a te r  s u r fa c e  p r o f i le s  and 
a com p arison  o f  th e  t h e o r e t i c a l  and e x p e r im e n ta l peaks f o r  th e  
h a lf - ro u n d  g u t te r  i s  g iv e n  in  T a b le  7 . In s p e c t io n  o f  t h i s  ta b le  
in d ic a te s  t h a t  th e  proposed method o f  a n a ly s is  i s  c o r r e c t  i f  u s in g  
th e  c r i t i c a l  d e p th  as th e  s t a r t in g  d e p th  a t  th e  o u t le t .
The peak d e p th s  in  r e c ta n g u la r  g u t te r s  fo un d  by s t a r t in g  
w i th  th e  c r i t i c a l  d e p th  were a b s tra c te d  from  th e  com puted p r o f i le s .  
These peaks o re  com pared w i th  th e  L i  e x p e r im e n ta l r e s u l t s  in  
T a b le  8 and T a b le  9 . The t h e o r e t ic a l  peaks w ere fo un d  u s in g  
M anning n v a lu e s  o f  0 ,0 1 4  and 0 ,0 1 6 . In s p e c t io n  o f  th e s e  r e s u lt s  
in d ic a te s  good agreem ent between e x p e r im e n ta l and t h e o r e t ic a l  
peaks and t h a t  th e  peak d e p th  i s  v a ry  i n s e n s i t i v e  t o  th e  rou ghness 
v a lu e .  S l i g h t l y  b e t t e r  agreem ent i s  o b ta in e d  when th e  M anning n 
v a lu e  e q u a ls  0 ,0 1 6 . I t  i s  acknow ledged th a t  t h i s  v a lu e  i s  l a r g e r  
th a n  th e  n v a lu e  o f  a c le a n  g u t te r ,  b u t i t  a l lo w s  f o r  an 















































TABLE 8 : COMPARISON OF THEORETICAL AND EXPERIMENTAL PEAK 
DEPTHS FOR A 0.229m  RECTANGULAR GUTTER
CHANNEL 
LENGTH 






in  m etres
THEORETICAL 
PEAK DEPTH 
in  m e tres
PERCENTAGE
ERROR
2 ,2 8 6 0,08 66 5 0 ,42 67 0 ,4 2 7 4 + 0 ,1 7
0 ,07136 0 ,3 8 1 0 0 ,37 57 - 1 ,4 1
0,06 40 0 0 ,36 27 0 ,34 97 - 3 ,7 2
0,06 06 0 0 ,33 83 0 ,33 66 - 0 ,5 0
0 ,05 23 9 0 ,3 2 0 0 0 ,30 67 - 4 ,3 4
0 ,04531 0 ,29 87 0,2766 - 6 ,7 0
0,03 54 0 0 ,24 99 0 ,23 66 - 5 ,6 0
1,71 6 0 ,06088 0 ,33 53 0 ,33 71 + 0 ,5 4
0 ,0 4 6 4 4 0 ,2 9 8 7 0 ,28 22 - 5 ,8 5
0 ,03936 0 ,26 82 0 ,25 34 - 5 ,8 0
0 ,02492 0 ,18 90 0 ,18 65 - 1 ,3 4
1 ,33 5 0,07 07 9 0 ,38 10 0,37 26 -2 ,2 6
0 ,06994 0 ,38 71 0,36 89 - 4 ,9 4
0,05 38 0 0 ,33 53 0,3099 - 8 ,2 0
0 ,05295 0 ,3 2 0 0 0 ,3 0 7 0 -4 ,2 5
0 ,0 4 3 0 4 0,2666 0,2663 - 0 ,6 2
0,04248 0 ,27 43 0,26 50 - 3 ,4 0
0,03 00 2 0 ,21 03 0,21 05 + 0 ,9 5
The above a re  w i th  n -  0 ,0 1 4
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TABLE 9 : COMPARISON OF THEORETICAL AND EXPERIMENTAL PEAK 
DEPTHS FOR A 0.229m  RECTANGULAR GUTTER
CHANNEL 
LENGTH 






in  m etres
THEORETICAL 
PEAK DEPTH 
in  m e tres
PERCENTAGE
ERROR
2 ,2 8 6 0 ,0 86 65 0 ,42 67 0 ,42 84 + 0 ,3 6
0,07 13 6 0 ,38 10 0 ,37 67 -1 ,1 3
0,06 40 0 0 ,36 27 0 ,35 17 -3 ,0 3
0,06 06 0 0,33 83 0 ,33 66 -0 ,5 0 5
0,05239 0 ,3 2 0 0 0 ,30 77 - 3 ,8 4
0,04531 0 ,29 87 0 ,27 96 - 6 ,4 0
0 ,0 3 5 4 0 0 ,24 99 0 ,23 66 - 5 ,6 0
i , : i 6 0 ,06088 0 ,33 53 0 ,3 3 /1 + 0 ,6 0
0,04 64 4 0 ,29 87 0 ,28 32 - 5 ,1 8
0,03 93 6 0 ,26 82 0 ,2 5 3 4 - 5 ,8 0
0,02 49 2 0 ,1 8 9 0 0 ,1 8 6 5 - 1 ,3 4
1,33 5 0 ,07079 0 ,38 10 0 ,37 36 - 1 ,9 4
0,0 6 9 9 4 0 ,38 71 0 ,36 98 4 ,4 5
0,05 38 0 0 ,33 53 0 ,31 09 - 7 ,2 7
0 ,05295 0 ,32 00 0 ,3 0 8 0 - 3 ,7 7
0,04 30 4 0 ,26 82 0 ,26 63 - 0 ,7 1
0,04 24 8 0 ,27 43 0 ,26 49 - 3 ,4 2
0,03 00 2 0 ,21 03 0 ,2 1 0 6 + 0 ,1 4
The above a re  w ith  n = 0 ,0 1 6
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CONCLUSIONS
I t  has been shown t h a t  a m a th e m a tic a l m odel o f  a * s ta n d a rd  
g u t t e r '  can be c o n s t ru c te d .  The g u t t e r  con be a n a lyse d  by means 
o f  th e  H ind s  e q u a tio n  u s in g  c r i t i c a l  d e p th  a t  o u t le t  as th e  
s t o r t in g  v a lu e .
A M anning n v a lu e  o f  0 ,0 1 6  i s  s e le c te d  f o r  use . T h is  i s
la r g e r  th a n  th e  n v a lu e  a p p l ic a b le  to  smooth g u t te r s  and a llo w s
f o r  an a c c u m u la t io n  o f  r u s t  and d e b r is  i n  th e  g u t t e r .
I t  i s  no te d  t h a t  th e  e x p e r im e n ta l r e s u l t s  used t o  t e s t  th e
programme a p p ly  to  g u t te r s  t h a t  a re  n o t t r u l y  re p re s e n ta t iv e  o f  
la r g e  com m erc ia l g u t t e r s .  The th e o r e t i c a l  c o n s id e ra t io n s  em ployed 
o re  how ever c o m p le te ly  g e n e ra l and s in c e  th e y  a p p ro x im a te  f lo w  in  
th e  t e s t  g u t te r s  th e y  sh o u ld  g iv e  re a so n a b le  e s t im a te s  o f  th e  f lo w  
s i t u a t io n  in  any g u t t e r .
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CHAPTER 4
THEORETICAL ANALYSIS OF A NUMBER OF STANDARD GUTTERS 
WITH DIFFERENT SHAPES. LENGTHS AND INFLOWS
SUMMARY OF MODEL GUTTER AND PRACTICAL APPLICABILITY THEREOF
In  th e  p re v io u s  C h a p te r  a i i ia th e m a tic a l m odel o f  a s ta n d a rd  
g u t t e r  has been d e ve lo pe d  and p r o o f  o f  th e  adequacy a f  th e  model 
p re s e n te d . The assu m ptio ns  used in  c o n s t r u c t in g  th e  m odel a re  
sum m arised be lo w ;
( a )  U n ifo rm  in f lo w  p e r u n i t  le n g th
( b )  S t r a ig h t  h o r iz o n t a l  g u t t e r
( a )  O u t le t  a t  one end
( d )  Peak p o in t  o f  th e  w a te r  s u r fa c e  p r o f i l e  can be found
u s in g  th e  H in d s  e q u a tio n
( e )  The s t a r t in g  de p th  in  th e  H ind s  e q u a t io n  i s  th e  de p th  a t
o u t le t ,  e q u a l to  c r i t i c a l  depth
( f )  M anning n = 0 ,0 1 6
P r a c t ic a l  g u t te r s  o f te n  d i f f e r  c o n s id e ra b ly  fro m  t h i s  m ode l. 
They o f te n  c o n ta in  c e n t r a l  o u t le t s ,  bends, s lo p e s  e t c .  These 
v a r ia t io n s  fro m  th e  id e a l  c o m p lic a te  th e  a n a ly s is  c o n s id e ra b ly ,  
f r e q u e n t ly  re n d e r in g  i t  in t r a c t a b le .  In  th e  approach adop ted th e  
1 s ta n d a rd  g u t t e r 1 m odel i s  em ployed to  d e te rm in e  th e  peak de p th  in  
o p a r t i c u la r  g u t t e r .  C o r r e c t io n  f a c to r s  can th e n  be a p p lie d  to  
a cco u n t f o r  v a r ia t io n s  fro m  th e  s ta n d a rd .
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FREEBOARD ALLOWANCE
T u rb u le n t m ix in g  in  th e  g u t t e r  r e s u l t s  i n  an uneven w a te r  
s u r fa c e .  In  a d d i t io n  le a v e s  and d e b r is  w i l l  reduce th e  e f f e c t iv e  
c r o s s - s e c t io n a l  a re a  o f  f lo w  w ith  t im e .  Fo r th e se  rea son s  a 
’ f re e b o a rd  a llo w a n c e 1 i s  added to  th e  c a lc u la te d  peak de p th  to  
o b ta in  th e  f i n a l  d e s ig n  de p th  f o r  o p a r t i c u la r  g u t t e r .
The B u i ld in g  R esearch S ta t io n  (1 9 6 9 ) recommends t h a t  th e  
g u t t e r  s id e s  sh o u ld  r is e  v e r t i c a l l y  above th e  r e q u ir e d  de p th  by 
75 m il l im e t r e s  to  g iv e  th e  d e s ig n  d e p th . M a r t in  (1 9 7 3 ) m a in ta in s  
t h a t  a fre e b o a rd  o f  n o t  more th an  o n e -q u a r te r  o f  th e  re q u ire d  
d e p th , w i th  a maximum fre e b o a rd  o f  2 ,5 4  c e n t im e tre s  i s  ad eq ua te . 
In s p e c t io n  o f  T a b le s  7 , 8 and 9 in d ic a te s  good agreem ent between 
th e o r e t i c a l  and e x p e r im e n ta l r e s u l t s .
Thus i t  i s  f e l t  t h a t  a re a s o n a b le  e s t im a te  o f  fre e b o a rd  
i s  15 p e rc e n t o f  th e  r e q u ir e d  f lo w  de p th  f o r  r e c ta n g u la r  and / 
t r a p e z o id a l  g u t te r s  and 10 p e rc e n t o f  th o  r e q u ir e d  f lo w  d e p th  f o r  • 
s m a lle r  h a l f - ro u n d  g u t t e r s .  T h is  i s  f a i r l y  c o n s e rv a t iv e  and 
sh o u ld  com pensate f o r  d i f f e r e n c e s  between th e o r e t i c a l  and 7
e x p e r im e n ta l r e s u lt s  as w e l l  as a l lo w  f o r  uneveness o f  th e  w a te r  
s u r fa c e .
USE OF THE MODEL IN  DETERMINING REQUIRED GUTTER SIZES
The m odel i s  used t o  a n a ly s e  a la r g e  number o f  c o m m e rc ia lly  
a v a i la b le  g u t t e r  shapes and s iz e s  f o r  a l l  p r a c t i c a l  le n g th s  and 
in f lo w  m te s .  T h is  p ro v id e s  d a ta  f o r  th e  s o lu t io n  o f  mt j u t t e r  
d e s ig n  p ro b lem s.
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The g u t t e r  shapes an a lyse d  a re  t r a p e z o id a l,  re c ta n g u la r  
and h a l f - r o u n d .  The le n g th s  c o n s id e re d  a re  3m, 5m, 10m, 15m,
20m, 25m and in  c e r ta in  in s ta n c e s , 30m. These le n g th s  c o v e r m ost 
p r a c t i c a l  r o o f  le n g th s .  The range o f  in f lo w s  c o n s id e re d  v a r ie s  
f o r  d i f f e r e n t  g u t t e r  s iz e s .  L a rg e r  in f lo w s  a re  used w i th  la r g e r  
g u t t e r s .  The in f lo w  r a te s  a p p lic a b le  to  p r a c t i c a l  g u t te r s  were 
d e te rm in e d  as fo llo w s :
Maximum d e s ig n  in t e n s i t y  fro m  F i g u r e s ^  f a n d  6  s. 400mm/hr
Maximum p r a c t i c a l  r o o f  b re a d th  = 30m
Maximum in f lo w  p e r  u n i t  le n g th  -  400 x 3 0 .1 0  ^  m ^/s
= 0 ,0 0 3  in2/S  
Minimum d e s ig n  i n t e n s i t y ,  say = 50 mm/hr
Minimum b re a d th , say = 5m
Minimum in f lo w  p e r  u n i t  le n g th  = 0 , 00005m*'/S
T h is  g iv e s  th e  ran ge  o f  in f lo w s  p e r  u n i t  le n g th  t o  p r a c t i c a l  
g u t t e r s .  A d d i t io n a l  in f lo w  ra te s  between th e s e  l i m i t s  were a ls o  
s e le c te d .  These con be seen on th e  p r in t o u ts  i n  A p pe nd ix  C.
W h ilo b  th e  programmes w ere ru n n in g  i t  was d e c id e d  to  e x ten d  
th e  in f lo w  ra te s  and g u t t e r  s iz e s  to  o b ta in  d a ta  f o r  p rob lem s 
s l i g h t l y  beyond th e  te rm s  o f  re fe re n c e  o f  t h i s  d is s e r t a t io n .  In  
e n g in e e r in g  p r a c t ic e  many pro b lem s s im i la r  t o  g u t t e r  f lo w  pro b lem s 
o re  e n co u n te re d . Examples a re  e f f l u e n t  c h a n n e ls  o f  s e d im e n ta tio n  
ta n k s  and o f  s im i la r  u n i t s .  These s i t u a t io n s  o f te n  have f lo w
r o te s  beyond  th o  no rm a l g u t t e r  f lo w  r o te s .  Thus by e m p lo y ing
la r g e r  in f lo w  r a te s  and ch a n n e l s iz e s ,  d a ta  a re  o b ta in e d  f o r  such 
d e s ig n  p u rpo ses .
Programmes were w r i t t e n  to  d e te rm in e  th e  d e s ig n  c r o s s -  
s e c t io n a l  a re a  o f  f lo w  f o r  t r a p e z o id a l  and r e c ta n g u la r  g u t te r s .
The programmes use th e  H ind s  e q u a tio n  to  c a lc u la te  th e  peak depth  
in  o p a r t i c u l a r  g u t t e r .  A number o f  d i f f e r e n t  g u t t e r  s iz e s  were 
a n a lyse d  and f o r  each s iz e ,  th e  d e s ig n  c r o s s - s e c t io n a l  a re a  was 
fo un d  f o r  s ix  d i f f e r e n t  g u t t e r  le n g th s .  Each le n g th  was in  tu rn  
s u b je c te d  t o  s ix  d i f f e r e n t  in f lo w  r o te s .  Thus t h i r t y  s ix  r e s u lt s  
were o b ta in e d  f o r  each g u t t e r  s iz e .
The programme CRtlCTI a n a ly s e d  r e c ta n g u la r  g u t te r s  w h ile  
TRAP a n a lyse d  t r a p e z o id a l  g u t te r s .
H a lf- ro u n d  g u t te r s  w ero a n a lyse d  by d e te rm in in g  th e  
maximum d is c h a rg e  ( f lo w  c a p a c i ty )  t h a t  a g iv e n  h a l f - ro u n d  g u t t e r  
c o u ld  c a te r  f o r .  The program m e, HR, pe rfo rm e d  t h i s  a n a ly s is .
D e ta i ls  o f  th e  v a r io u s  programmes a re  g iv e n  in  A p pe nd ix  C.
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CHAPTER 5
ANALYSIS OF THE RESULTS OF THE MATHEMATICAL MODEL
The o u tp u t  fro m  C h a p te r  4 c o n s is ts  o f  o v a s t number o f  
com p ute r p r in t o u t s  c o n ta in in g  a l l  th e  n e ce ssa ry  in fo r m a t io n  f o r  
g u t t e r  d e s ig n . T h is  in fo r m a t io n  i s  how ever i n  a fo rm  n o t r e a d i ly  
u s a b le  in  a d e s ig n  m anua l. Thus m ethods o f  re d u c in g  t h is  
in fo r m a t io n  to  a more p r a c t i c a l  fo rm  w ere so u g h t.
ANALYSIS OF THE RECTANGULAR GUTTER RESULTS
I t  was fo u n d  t h a t  f o r  a p a r t i c u la r  g u t t e r  base b re a d th  
and le n g t l - ,  a p lo t  o f  lo g  ( i n f )  a g a in s t lo g  (Y ) gave a s t r a ig h t  
l i n e ,  where i n f  =  in f lo w  p e r  u n i t  l e ig t h  and Y = d e s ig n  d e p th .
The p lo ts  f o r  base b re a d th  = 0,3m  a re  g iv e n  as a t y p ic a l  exam ple 
in  g raph 1 . The p lo t s  f o r  th e  re m a in in g  base b re a d th s  a re  in
A p pe nd ix  D. A tte m p ts  wore made to  red uce  th e s e  36 cu rve s  t o  a
more u sa b le  number by m a th e m a tic a l m a n ip u la t io n .
C o n s id e r th e  p lo t s  Tor base b re a d th  = 0 ,3m . These a re  
s t r a ig h t  l i n e s  w i th  e q u a tio n s  g iv e n  by;
lo g  i n f  = m lo g  Y +  c . 5 .1
o r  i n f  = Ym I! . 5 .2
w here i n f  = in f lo w  p e r u n i t  le n g th  in  m^/S
in s s lo p e  o f  l i n e
Y = d e s ig n  de p th  in  m e tre s
c = c o n s ta n t r. lo g  K
and th e  s lo p e , in, i s  g iv e n  by m = l o g ( i n f l )  -  l o g ( in f 2 )  
lo g  ( y l ) -  lo g  ( y 2 )
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Oraph 1: Plot of IqgOnf) vs lcg(#z%n dzplh  ^ fcr
a nzctangular gut+nr of base, breadth "0,5m
■ ffiP
Qs-ptW in  rn a .tr<2.4
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The above e q u a t io n  was used to  d e te rm in e  th e  s lo p e  v a lu e s  
f o r  th e  c u rv e s  shown in  g ra ph  1 . The r e s u l t s  a re  in  T a b le  10.
I t  i s  seen t h a t  th e  s lo p e , si, in c re a s e s  os th e  le n g th ,  x ,
in c re a s e s . The d i f f e r e n c e  in  s lo p e  between th e  cu rve s  f o r  x *  3m 
and f o r  x => 25 m e tre s  i s  how ever s m a ll .  A mean v a lu e  o f  m = 1 ,54 14  
was ad op ted and e q u a t io n  5 .2  used to  d e te rm in e  th e  c o n s ta n t K. 
i . e .  K = i n f / V ^ ' ^ ^ .  R e s u lts  o re  ta b u la te d  in  T a b le  10 .
I t  i s  seen t h a t  K de crea ses  as le n g th  in c re a s e s . I t  wcs
a tte m p te d  to  red uce  th e s e  s ix  K v a lu e s  t o  a s in g le  v a lu e  o f  K by
in c lu s io n  o f  same f a c t o r  o f  x , f ( x ) ,  such  t h a t  K = C o n s ta n t - f ( x ) .  
V a r io u s  va lu e s  o f  f ( x ) ,  such as x , la g  x , x were t r i e d  w i th  no 
succe ss . V a lue s  f o r  K = C o n s ta n t/x  a re  ta b u la te d  in  T a b le  10.
A f t e r  c n n s id s r a t io n  o f  th e  fo rm  o f  th e  M a r t in  d e s ig n  
e q u a tio n  ^ v iz .  f  = (0 ,0 0 2 0 9  i n f  was p lo t t e d  a g a in s t
y^bO ,67 on i 0g_ ^0g p g p ^  where b ■= g u t t e r  base b re a d th  in  m e tre s . 
Th is  appeared to  y i e l d  a s t r a ig h t  l i n e .  In  o rd e r  t o  v e r i f y  t H s ,  
a l l  p r a c t i c a l  r e s u l t s  w e ie  a b s t ra c te d  from  th e  d a ta  f i l e s  i n  A p pe nd ix  
C and a program , , YA, w r i t t e n  t o  c a lc u la te  Y . b ® '^ .  The programme 
and r e s u l t s  th e r e o f  a re  in  A p pe nd ix  D.
I t  i s  seen from  th e  o u tp u t  f i l e s  o f  YA in  A p pe nd ix  D 
t h a t  f o r  any p a r t i c u la r  g u t t e r  le n g th  and in f lo w ,  th e  v a lu e  o f  
0^mos^  cons-|;ont, i . e .  i t  i s  in d e p e n d e n t o f  th e  v a lv e  
o f  b . F o r g iv e n  le n g th s  and in f lo w s  th e  v a lu e s  o f  Y . b ^ ' ^  were 
ave raged and th e se  r e s u l t s  a re  p re s e n te d  in  T ab le  11 . These 
r e s u lt s  w ere th e n  p lo t t e d  on lo g - lo g  pa p e r and r e s u lt e d  in  th e  s ix
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s t r a ig h t  l i n e s  shown in  g ra ph  2 , i . e .  one s t r a ig h t  l i n e  f o r  each 
le n g th .
M ethods o f  d e a l in g  w i th  th e  le n g th  f a c t o r  w ere th en  
so u g h t. F i r s t l y  i n f . x  was p lo t t e d  a g a in s t  Y . b ^ ' ^  on lo g - lo g  
p a p e r. The r e s u l t s  o re  ta b u la te d  in  T a b le  11 and p lo t t e d  in
g ra ph  3 . I t  i s  seen from  grop.,- 3  t h a t  th e  p o in ts  f a l l  w i t h in  a
n a rro w  band. A c o n s e rv a t iv e  c u rve  drawn th ro u g h  th e s e  p o in ts / 
as in  g ra ph  3 , can r e s u l t  i n  a 20 p e rc e n t o v e re s t im a te  o f  Y . b ^ ' ^  
in  th e  lo w e r  i n f . x  r e g io n s ,  w h ich  was n o t c o n s id e re d  s a t is f a c to r y .
TABLE 10: DETERMINATION OF THE EQUATIONS OF THE CURVES IN
GRAPH 1
Le ng th  
in  m etres
S lope K va lu e  
f o r  m = 1 ,54 14 C o n s ta n t = K.x
3 1 ,50 48 0,11 99 2 0 ,3 5 7 6
5 1 ,53 77 0 ,06 76 0,33 80
10 1,5425 0,03 22 0 ,3 2 2 0
15 1,5499 0 ,02 08 0 ,3 1 2 0
20 1,5583 0,01504 0 ,30 08
25 1 ,55 53 0,01 18 2 0,29 55 7
A p lo t  o f  i n f . x n v e rs u s  Y .b ® '* ^  was th e n  a t te m p te d . I t  
was fo u n d , by t r i a l  and e r r o r ,  t h a t  n = 1 ,0 5  gave b e s t r e s u l t s .  
V a lue s  o f  i n f . x * ' ^  and Y . b ^ ' ^  a re  l i s t e d  in  T a b le  11 and p lo t t e d  
in  g ra ph  4 . I t  i s  seen t h a t  th e  use o f  i n f . x * ' ^  reduces 
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th e  s c a t t e r  in  th e  h ig h e r  re g io n s  i s  a lm o s t n e g l ig ib le  w h i l s t  
th e r e  i s  o n ly  a s l i g h t  s c a t t e r  i n  th o  lo w e r  i n f . x  re g io n s .
A c u rve  drawn •‘"h rough th e so  p o in ts  can t h e r e fo r e  be used 
w i th  c o n s id e ra b le  c o n fid e n c e  as a d e s ig n  c u rv e  f o r  re c ta n g u la r  
g u t t e r s .  'to  d e te rm in e  w h ich  s t r a ig h t  l i n e  th ro u g h  th e  p lo t t e d  
p o in ts  w ou ld  be ad op te d  as th e  d e s ig n  c u rve  th e  fo l lo w in g  fa c to r s  
w ere take"- i  ) u co u n t;
1 )  ' ie  ’ b i s t - f i t *  c u rv e  w ou ld  be n o n -c o n s e rv a t iv e  i n  th e  
u p p e r i n f . x  re g io n .
2 )  The 'm cx im u ir-o n va lo p a 1 c u rv e  w ou ld  bo n o n -c o n s e rv a t iv e  
i f  e x t ra p o la te d  above th e  p lo t t e d  p o in ts .
3 )  A l i n o  drawn th ro u g h  th o  up p e r i n f . x  p o in ts  co u ld  p o s s ib ly  
be e x t ra p o la te d  to  in c re a s e  th e  range o f  th o  p lo t .
The c u rv e  chosen as th v  d e s ig n  c u rv e  i s  as shown in  g raph 
4 . I t  i s  seon t h a t  in  th e  up,per i n f . x  r e g io n  th e  p o in ts  a l l  l i e  
on th e  l i n e ,  w h i lu  i n  th o  lo w e r  re g io n s  cm e r r o r  o f  ab ou t +10 
p e rc e n t to  - 5  p e rc e n t may o c c u r .
The e q u a tio n  o f  t h i s  l i n e  has th o  Form
lo g  ( i n f . i ! 1 ' 05)  = m lo g  ( y . l ) 0 ' 6 7 )  *  C
o r  i n f . x 1 ,0 5  = (Y .b 0 ,6 7 ^  K
where K = lo g  C
The v a lu e s  o f  m and  K a re  d o to rm in o d  in  A p pe nd ix  D 
and a re  m = 1 ,6 1 4  
K = 1 ,42 94
Thus th e  e q u a t io n  o f  th e  c u rv e  i s ;
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i n f . x 1'05 = 1 ,42 94  (Y .b 0 /6 7 )  1 ,6 1 4 .................  5 .3
o r  w r i t t e n  in  c fo rm  from  w h ich  th e  d e s ig n  d e p th  can 
r e a d i ly  bo d e te rm in e d ;
1............ .......... 5 .4
\  1 ,4 2 9 4 / b0 ,6 7
To chock th e  v a l i d i t y  o f  t h i s  e q u a t io n , a number o f  v a lu e s  
o f  d e s ig n  d e p th  w ore a b s tra c te d  a t  random from  th e  o u tp u t  f i l e s  o f  
CRECTI and checked a g a in s t va lu e s  o b ta in e d  u s in g  th e  above e q u a t io n . 
The r e s u l t s  a re  in  T a b le  12.
I t  i s  soon t h a t  use o f  th e  above e q u a tio n  r e s u l t s  in  
e x c e l le n t  agreem ent w i th  com puted d e s ig n  d e p th s . The case s  where 
th e  p e rce n ta g e  e r r o r  i s  r a th o r  la r g e ,  v i z .  + 7 ,0  p e rc e n t and + 1 0 ,2  
p e rc e n t f a l l  i n  th e  lo w e r  i n f . x ^ ^ J  re g io n  w hore th e  s c a t t e r  o f  
p o in ts  was g r e a te s t .  However i n  b o th  in s ta n c e s  u c o n s e rv a t iv e  
r e s u l t  i s  o b ta in e d .
I t  was f e l t  t h a t  th e  g e n e ra l a ccu ra cy  o f  th e  w ho le  approach 
t o  th e  g u t t e r  d e s ig n  p rob lem  m ig h t w a r ra n t th e  use o f  th e  c u rve  
shown in  gra ph  3 as a d e s ig n  c u rv e , i . e .  th e  p lo t  o f  i n f . x  a g a in s t 
Y . b ^ ' ^ .  To chock t h i s  h y p o th e s is  th e  e q u a tio n  o f  th e  l i n e  in  
g ra ph  3 was d e te rm in e d  in  A p pe nd ix  D. The r e s u l t  was
i n f . x  = 1 ,1 8 5 4  ( v .b 0 , 6 7 )  1 ,62 5  ..........  5 ,5
T h is  v a l i d i t y  o f  t h i s  e q u a tio n  was checked by com p aring  
th e  a c tu a l  v a lu e  o f  i n f . x  w i th  th e  v a lu e  o f  i n f . x  as g iv o n  by th e  
above e q u a tio n  f o r  a p a r t i c u la r  v a lu e  o f  Y . b ® '^ ,  The r e s u l t s  
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TABLE 13 : COMPARISON OF i n f . x  fS IV H I)  WITH I n f . x  fCALCULATED^
B iw l l
Yb0 ' 67
c a lc u la te d
0 ,1 0 ,2 1 8 0 ,10038
0 ,0 7 0 ,1 7 5 0,07 01 3
0 ,0 4 0 ,1 2 5 0 ,04056
0 ,0 2 0 ,0 8 1 0,02 00 9
0 ,0 1 0 ,0 5 3 2 0,01008
0 ,0 0 3 0 ,0 2 5 2 0,02906
0 ,00 1 0 ,0 1 2 8 0,00 09 9
0 ,0 0 0 7 0 ,0 1 0 3 0,00 06 95
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I t  i s  seon t h o t  n e a r p e r fe c t  agreem ent i s  o b ta in e d . I t  
i s  how ever f e l t  t h a t ,  s in c e  gra ph  4 has o s m a lle r  s c a t t e r  o f  
p o in ts  th a n  gra ph  3 , th e  use o f  e q u a t io n s  5 .3  and 5 .4  i s  more 
d e s ira b le ,
CONCLUSIONS
The d e s ig n  e q u a tio n  f o r  r e c ta n g u la r  g u t te r s  o v e r  th e  range 
0 ,0 0 0 7  ^ ' i n f . x J ,0 j^ ' o , 3 i s  g iv e n  by;
0 = 1 ,4 2 9 4  ( Y .b 0 ' 67)  1 ,6 1 y ' x 0 ' 05
Y .  _ i _
^  1 ,4 2 9 4  /  ,0 ,6 7
where Q i s  th e  f lo w  r a te  in  m ^/S f o r  w h ich  th e  g u t t e r  m ust c a te r .
The m ethod used to  o b ta in  th e  above d e s ig n  e q u a tio n  i s  
p u r e ly  e m p ir ic a l  and th u s  th o  e q u a tio n  s h o u ld  n o t bo a p p lie d  
o u ts id e  o f  th o  range o f  i n f . x ^ ^  v a lu e s  s t ip u la te d .  I t  i s  f e l t  
th a t  th e r e  may be good th e o r e t i c a l  rea son s  to  a cco u n t f o r  th o  
manner i n  w h ich  th e  la r g e  number o f  r e s u l t s  i n  A p pe nd ix  C red uce 
t o  a s in g le  d e s ig n  c u rv e . Such an in v e s t ig a t io n  i s  however 
beyond th o  scopo o f  t h i s  d is s e r t a t io n .
ANALYSIS OF TRAPEZOIDAL GUTTER RESULTS
Tho a n a ly s is  o f  th o  r e s u l t s  o f  th e  t r a p e z o id a l  g u t t e r  
program m e, TRAP, proceeded a r  fo l lo w s ;
The v a r ia b le s  in v o lv e d  a re  ( i )  in f lo w  p e r  u n i t  le n g th ,  
i n f  ( i i )  le n g th ,  x ( i i i )  base b re a d th , b ( i v )  s id o  s lo p e , dag ( v )  
de s ig n  c r o s s - s e c t io n a l  a ro a , A.
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C o n s id e r th e  r e s u l t s  f o r  b = 0,2m  and s id e  s lo p e s  o f  45° 
and 6 0 ° .  A p lo t  o f  lo g  ( i n f )  a g a in s t  lo g  (A ) r e s u l t s  i n  a 
s t r a ig h t  l i n e  f o r  each le n g th  as seen i n  g ra ph s  5 and 6.
C o n s id e r th e  p lo t s  f a r  b -  0 ,3m  and x  = 10m as seen in  
g ra p h  7 .  I t  i s  seen t h a t  th e  c u rv e s  f o r  d i f f e r e n t  s id e  s lo p e s  
d iv e rg e  as th e  in f lo w  in c re a s e s . I t  i s  d e s ire d  t o  e l im in a te  t h is  
s id e  s lo p e  e f f e c t .  I t  was a tte m p te d  t o  do t h i s  by p l o t t i n g  i n f  
a g a in s t A . f  (c le g .)  where dcg = s id e  s lo p e  in  ra d ia n s  as measured 
fro m  t h "  h o r iz o n t a l .  V a lue s  o f  f ( d e g )  t r i e d  w ere d e g ^ \  
d e g ^ '^ ,  de g^ '** and de g^z^ .  I t  was fo un d  t h a t  deg*’* '^ '*  gave b e s t 
r e s u l t s  and th e  r e j j l t s  f o r  b = 0 ,3  and x = 10m a re  ta b u la te d  in
T a b le  14 . The r e s u l t s  o f  A d e g ^ '^  f o r  th e  th re e  d i f f e r e n t  dog
v a lu e s  a re  ave rag ed  and t h i s  mean v a lu e  i s  used in  th e  p la t  o f  
i n f  a g a in s t A d e g ^ '^  seen in  g ra p h  8 . T h is  r e s u l t s  i n  a s t r a ig h t
To f u r t h e r  red uce  th e s e  c u rv e s  a p lo t  o f  i n f  a g a in s t 
( A d e g ^ '^ ) ^ ' ^  was t r i e d  on lo g - lo g  pa p e r as f o r  r e c ta n g u la r  
g u t t e r s .  T h is  was how ever t o  no a v a i l .  I t  was d is c o v e re d  t h a t  
t o  o b ta in  a s t r a ig h t  l i n e  A d o g ^ ' m u s t  he d iv id e d  by some
fu n c t io n  o f  b . T r ia l  and e r r o r  le d  t o  th e  c o n c lu s io n  t h a t  b ^ ' ^
gave th e  b e s t r o s i / l t .
V a lue s  o f  Adeg0' ' y //b^f ^  w ere c a lc u la te d  from  th e  d a ta  in  
th e  o u tp u t  f i l e s  f o r  g u t te r s  o f  base b re a d th  = 0 ,2 ,  0 ,3 ,  0 ,4  and 
0,5m . These c a lc u la te d  v a lu e s  a re  l i s t e d  in  A p pe nd ix  D. F o r  a 
g iv e n  base b rn a d th , in f lo w  and le n g th ,  th e  mean v a lu e s  o f
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Graph 6 Plot of kgCnfl \K. lcg(A') ior br 0,2m ^ d%60°
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Graph 7 - Plot of IcgOnf) vs tog(anza) for trapczdda 
gutters dF b.'0,3m  and length-iOm




A d e g '25 f o r  
deg=0,5236
A d e g '25 f o r  
deg=0 ,7854 d e g = l,0 4 7 2
mean v a lu e  
o f  A d e l/ '25
0,00 03 0 ,02703 0,02 91 0 0 , 02935 0,02 84 9
0 .00 05 0 ,02013 0,02 09 1 0,02 07 5 0,02 06 0
0 ,00 03 0 ,01393 0 ,01411 0,01 51 6 0,01 44 0
0 ,0 0 1 0 ,03239 0,03 29 1 0 ,0 3 4 7 7 0 ,03 33 6
0 ,0 0 3 0,07 53 2 0 ,07619 0 ,07663 0 ,07605
0 ,00 5 0,11 29 8 0 ,11225 0,10 93 8 0,11 15 4
where deg i s  i n  ra d ia n s
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Graph8 : Plot o f IcgGnf) vs logtAdog"'15) fo r lergth*IOm
9 #
I *
f o r  th e  th re e  d i f f e r e n t  s id e  s lo p e s  w ere c a lc u la te d .
These means a re  shown in  A p pe nd ix  D, as w e l l  as th e  c a lc u la te d
w ere a b s t ra c te d  from  A p pe nd ix  D, as w e l l  as th e  i n f . x  v a lu e s .
v a lu e s  was th e n  c a lc u la te d  f o r  d i f f e r e n t  i n f , x  v a lu e s  as seen in  
T a b le  15 . I n f .  x  was th e n  p lo t t e d  a g a in s t th e s e  f i n a l  mean v a lu e s
A l i n e  th ro u g h  th e s e  p o in ts  con be usod as a d e s ig n  c u rve  
f o r  t r a p e z o id a l  g u t t e r s .  C o n s id e r in g  th o  f a c to r s  o u t l in e d  in  th e  
r e c ta n g u la r  g u t t e r  r e s u l t  a n a ly s is ,  e s t r a ig h t  l i n e  was drawn 
th ro u g h  th e s e  p o in ts .  T h is  l i n e  i s  th e n  th e  d e s ig n  c u rv e .
The e q u a tio n  o f  t h i s  c u rv e  i s  d e te rm in e d  in  A p pe nd ix  D and 
i s  g iv e n  by ;
The v a l i d i t y  o f  t h i s  e q u a t io n , 5 . 7 , was checked by 
ran do m ly  a b s t r a c t in g  v a lu e s  o f  d e s ig n  a re a  fro m  th e  t r a p e z o id a l  
g u t t e r  o u tp u t  f i l e s .  Tho v a lu e s  o f  th o  d e s ig n  a re a  were th e n  
c a lc u la te d  u s in g  e q u a tio n  5 .7  and com pared w i th  th e  a b s tra c te d  
v a lu e s . R e s u lts  a re  in  T a b le  16.
I t  i s  seen t h a t  re a s o n a b le  agreem ent between th e  two 
v a lu e s  i s  o b ta in e d . The maximum e r r o r  i s  a b o u t +.10 p e rc e n t,
v a lu e s  o f  i n f . x .  A l l  th e  v a lu e s  o f  th e  mean
These a re  shown in  T a b le  15 . The mean
p a p e r i n  g ra ph  9 .
5 .6












Graph Plot of leg WO vs k g (A d % '"y b ° '" ')
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w h ic h , c o n s id e r in g  th e  la r g e  number o f  v a r ia b le s  in v o lv e d  i s  
a d eq ua te . In  a d d i t io n  th e  e r r o r s  te n d  t o  bo on th e  c o n s e rv a t iv e  
s id e .  Thus e q u a t io n s  5 .6  o r  5 .7  con s a fe ly  bp used as de s ig n  
e q u a t io n s  f o r  t r a p e z o id a l  g u t te r s .
To check w h e th e r th e  t r a p e z o id a l  g u t t e r  de s ig n  e q u a tio n  
h o ld s  f o r  r e c ta n g u la r  g u t te r s ,  v a lu e s  o f  d e s ig n  ciroa were 
ra n d o m ly  a b s tr a c te d  from  th e  r e c ta n g u la r  g u t t e r  o u tp u t f i l e s .
The v a lu e s  o f  th e  d e s ig n  a re a  were th e n  c a lc u la te d  by means o f  
e q u a tio n  5 .7  w i th  th e  s id e -s lo p o ,d o g  = 1 ,5 7 0 8  ( 9 0 ° ) .  The r e s u l t s  
a re  l i s t e d  in  T a b le  17 and com parison o f  th o s e  r e s u lt s  w i th  th ose  
i n  T a b le  12 r e v e a ls  th a t  th o  r e s u l t s  o f  t r a p e z o id a l  g u t t e r  de s ig n  
e q u a t io n  w i th  dog « 1 ,57 08  ra d ia n s  a re  in  good agreem ent w i th  th e  
r e s u l t s  o f  th e  r e c ta n g u la r  g u t t e r  d e s ig n  e q u a t io n .
The p ro b le m  th e n  aro se  as t o  w h e th e r t o  em ploy b o th  
e q u a tio n s  in  th e  g u t t e r  d e s ig n  m anual o r  w h e th e r to  em ploy o n ly  
th e  t r a p e z o id a l  g u t t e r  d e s ig n  e q u a tio n  and a p p ly  i t  to  b o th  
r e c ta n g u la r  and t r a p e z o id a l  g u t te r s .  To r e s o lv e  t h i s  p rob lem  
th o  e q u a tio n s  w ore com pared;
R e c ta n g u la r  g u t t e r  
e q u a t io n :
5 .4
T ra p e z o id a l g u t t e r  
e q u a tio n  f o r  g u t te r s  A e 
w i th  s id e  s lo p o , 
dog e 1 ,57 08  ra d ia n s
0 ,7 4 7 4  b0 ,0 9
' (1 ,5 7 0 8 )0 ' 25 5 .7
o r  r e w r i t t e n  in  
a n o th e r  fo rm Y .  1
f l GKA/.n 1.0/91
5 .8
0 ,8 5 *5 9  b0 ' '
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C om porisons o f  e q u a tio n s  5 .4  and 5 .8  r e v e a ls  t h a t  th e  
fo rm  o f  th o  e q u a tio n s  i s  s im i la r .  E q u a tio n  5 .4 ,  ho w ever, c o n ta in s  
a power o f  th e  le n g th  x , ( x ^ ' ^ )  w h i le  e q u a tio n  5 .8  does n o t .  I t  
was p o in te d  o u t i n  an e a r l i e r  s e c t io n  t h a t  th e  use o f  a power o f  
x in  th e  lo w e r  i n f . x  rn g io n s  re d u c e r  th e  s c a t t e r  o f  th o  p o in ts .
Thus i t  i s  f e l t  t h a t  g r e a te r  a ccu ra cy  w i l l  be a ch ie ve d  in  th e  lo w e r  
i n f . x  re g io n s  i f  e q u a tio n  5 .4  i s  usod f o r  r e c ta n g u la r  g u t te r s ,  
w h i le  e q u a tio n  5 *7  i s  used o n ly  For t r a p e z o id a l  g u t te r s .
CONCLUSIONS
The d e s ig n  e q u a tio n  f o r  t r a p e z o id a l  g u t te r s  o v e r  th e  range 
0,003 ( i n f . x  ( l , 0  i s  g i  n by;
1,338
A gain  i t  -dm uld  bo n o te d  th a t  Hies-.- o ra  i,-m e tr ic a l e q u a t io n s  and 
a re  v a l i d  o n ly  o v e r  th o  s p e c i f ie d  rom .iv.
ANALYSIS O f HALF-ROUND GUTTER RESULTS
Tho o u tp u ts  o f  programme HR, th a t  c a lc u la te s  th e  f lo w  
c a p a c ity  o f  a g u t t e r  o f  g iv e n  s iz e  end le n g th ,  a re  in  A p pe nd ix  C.
The B u i ld in g  Research S ta t io n  (1 9 6 9 ) has p re s e n te d  a 
Form ula f o r  d e r iv in g  th e  f lo w  c a p a c ity  o f  eaves g u t t e r s .  T h is  
fo rn tu ■ < can be w r i t t e n  in  th e  fo rm  
Qfflax = 0 ,84 33  A1 ' 25 
w here Qnax i s  th e  f lo w  c a p a c ity  o f  th e  g u t t e r  in  i;i’ ’ / e  and A i s
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th e  c r o s s - s e c t io n a l  a re a  o f  g u t t e r  i n  m^.
T h is  e q u a tio n  assumes t h a t  th e  f lo w  c a p a c ity  o f  a g ive n  
g u t t e r  s iz e  i s  in d e p e n d e n t o f  g u t t e r  le n g th .  In s p e c t io n  o f  
e q u a t io n  5 .4  f o r  r e c ta n g u la r  g u t te r s  r e v e a ls  t h a t  t h i s  may n o t be 
t r u e .  I t  was de c id e d  to  d e te rm in e  th e  e f f e c t  o f  le n g th  on th e  
f lo w  c a p a c ity  and i f  n e ce ssa ry  t o  m o d ify  th e  B u i ld in g  Research 
S ta t io n  fo rm u la  to  acco u n t f o r  le n g th .
The r e s u l t s  o f  programme HR f o r  a t r u e  h a l f - ro u n d  g u t te r  
o f  d ia m e te r  e q u a l t o  0 ,1 0 1 6  m e tre s  a re  shown in  T a b le  18. The 
v a lu e s  o f  in f(m a x )  a re  p lo t t e d  a g a in s t x  on lo g - lo g  pape r In  
g ra ph  10 where in f ( m a x )  e q u a ls  th e  in f lo w  p e r  u n i t  le n g th  c a p a c ity ,  
Qm ax/x, and x i s  th e  g u t t e r  le n g th  in  m e tre s . T h is  r e s u lt s  in  a 
s t r a ig h t  l i n e  o f  s lo p e  m = 1 ,4 0 . Hence f o r  t h is  p a r t i c u la r  
g u t t e r  i n f  (m ax) = K x ^ '^ .
T h is  e q u a tio n  s u g g e s ts  t h a t  th e  B u i ld in g  Research S ta t io n  
fo rm u la  m ig h t be m o d if ie d  by in c lu d in g  a f a c t o r  x  i n  th e  fo rm u la , 
i . e .  i n f  (max) . x ”  = 0 ,8 4 3 3  .
An o b v io u s  e s t im a te  o f  x 11 i s  x ^ " '^  and v a lu e s  o f  ' 
in f ( m a x )  = 0 ,8 4 3 3 .A ^ , ^ / x ' 1' , * ^ a re  ta b u la te d  in  T a b le  18 . I t  i s  
seen t h a t  t h i s  o v e re s t im a te s  th e  g iv e n  v a lu e s  o f  in f ( m a x ) .
A n o th e r e s t im a te  o f  n was o b ta in e d  from  th e  B u ild in g  
R esearch S ta t io n  r e s u l t s .  I t  i s  th o u g h t,  though n o t y e t 
c o n firm e d , t h a t  th e  B u i ld in g  R esearch S ta t io n  fo rm u la  was based 
on t e s t s  pe rfo rm e d  on 6,096m  (2 0  f t . )  lo n g  g u t te r s .  T h e ir  
r e s u l t s  f o r  v a r io u s  g u t t e r s  s iz e s  a re  ta b u la te d  i n  T a b le  19  and
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Graph lO Plot of )qgGnf)vs \o g W  for half-
round g o iters  of 0  = 0,1016 m
j i j j j
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assum ing t h a t  x = 6,096m , th e  v a lu e  o f  n can be fo un d  from  th e  
r e la t io n s h ip ;
C a lc u la te d  "a lu e s  o f  n a re  ta b u la te d  in  T a b le  19 (an 
in d ic a t io n  th a t  th e  le n g th  o f  th e  t e s t  g u t te r s  used by th e  B u i ld in g  
R esearch S ta t io n  was 6,096m  can be o b ta in e d  by e x t r a p o la t in g  
backw ards th e  c u rv e  in  g ra ph  10. The v a lu e  o f  in f(m a x )  f o r  a 
g u t t e r  d ia m e te r  o f  0 , 1016m and le n g th  o f  6,096m  i s  th e n  a b s tra c te d  
and e q u a ls  0 ,00 01 45 m ^/S . T h is  a p p ro x im a te ly  e q u a ls  th e  va lu e  
g iv e n  by th e  B u i ld in g  R esearch S ta t io n  in  T a b le  19 ^
I t  i s  seen t h a t  n i s  a lm o s t a c o n s ta n t v a lu e  and th e  mean 
v a lu e  i s  1 ,4 7 . U s ing  t h is  v a lu e  o f  n th e  in f lo w  r a te s  f o r  th e  
g u t t e r  o f  d ia m e te r  e q u a l t o  0,1016m o re  c a lc u la te d  u s in g  th e  
r e la t io n s h ip ;
i n f  ( m a x ) .  0 .8 4 3 3  A1,25  
x 1 - 47
The c a lc u la te d  v a lu e s  a re  compared w ith  th e  com puted v a lu e s  in  
T a b le  18 . I t  i s  seen t h a t  good agreem ent i s  o b ta in e d  between 
th e  r e s u l t s .
T h is  e q u a tio n  i s  now checked a g a in s t th e  B u i ld in g  Research 
S ta t io n  d a ta  in  T a b le  19 . R e s u lts  a re  l i s t e d  in  T a b le  19 . 
E x c e l le n t  agreem ent i s  o b ta in e d .
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TABLE 18 : RESULTS OF HR AND COMPARISON WITH
RESULTS OF MODIFIED B .R .5 . FORMULA
G u tte r  d ia m e te r  = 0 ,10 16 m e tres
C ro s s - s e c t io n a l  a re a  = 0,0081m ^
R E S U L T S  O F  HR RESULTS OF MODIFIED B .R .S . 
Le ng th  1 1 \ cc V  gc
in  m e tres  in f ( m a x )  in«c( it ia x ) .x  0 .8 4 3 3 A '' ^  0 .8433A
i n  ni2/S  in  m3/S  x 1' 4 x 1 ,4 7
8 0 ,00 01 0 ,00 08 0,000111 0 ,000096
9 0 ,00008 0 ,00 07 2 0 ,00 00 95 0,000081
10 0,00 00 7 0 ,00 07 0 ,00 00 32 0 ,00009
13 0 ,00005 0 ,00065 0 ,00 00 57 0 ,00 00 47
15 0 ,0 0 0 0 4 0 ,00 06 0 ,00 00 46 0,00 00 38
25 0 ,00 00 2 0 ,00 05 0,000023 0 ,000018
TABLE 19 : B .R .S . RESULTS AND COMPARISON WITH
RESULTS OF M ODIFIED B .R .S . FORMULA
N om ina l g u t t e r  
diom in  m etres
B .R .S . R E S U L T S
Flow  c a p a c ity  in f ( m a x ) i i
i n  «3/S . " / i
MODIFIED B .R .S . 
RESULTS
, .1 .%
0 ,07 5 0 ,00042 0,000069 1 ,4 6 0,00 00 67
0 ,1 0 0 0 ,00083 0,000136 1 ,4 3 0,000138
0,1125 0 ,00113 0,00 01 85 1 ,4 7 0,000186
0 ,1 2 5 0 0,00 15 0 0,000246 1 ,46 5 0,000242
0 ,1 5 0 0 0,00233 0,000382 1,467 0,000382
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As a f i n a l  check on th e  v a l i d i t y  o f  th e  e q u a t io n , th e  
M arsh (19 68 ) r e s u l t  f o r  a g u t t e r  o f  d ia m e te r  e q u a l to  0,1524m 
( 6 " )  and le n g th  e q u a l t o  6,096m  ( 2 0 ')  i s  compared w i th  th e  r e s u l t  
com puted u s in g  th e  above fo rm u la . R e s u lts  as shown b e low .
GUTTER DIAMETER = 0,1524m
GUTTER LENGTH = 6,096m
in f (m o x )o s  fo un d  e x p e r im e n ta l ly  by Marsh = 0,000397m ^/S
p e rc e n t e n o r  « + 3 ,2  p e rc e n t
Good agreem ent i s  o b ta in e d  betw een th e o r e t ic a l  and 
e x p e r im e n ta l r e s u l t s .  Thus i t  i s  f e l t  t h a t  th e  B u i ld in g  Research 
S ta t io n  e q u a tio n  f o r  h a l f - ro u n d  g u t te r s  sh o u ld  be a l te r e d  t o  th e  
fo l lo w in g  fo rm  t o  c a te r  f o r  th e  le n g th  f a c t o r ;
in f ( fu o x )  = '  ” O .O O tm n V ’ S
in f ( m a x ) .  / / ' 0 ,8 4 3 3 a1 ' 25
o r  i n  te rm s  o f  th e  d is c h a rg e  c a p a c ity
Umax = 0 .84 33 A 1 ' 25
w here Qmax i s  i n  m^/S,
A i s  i n  and x i s  i n  m e tro s .
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CHAPTER 6
REVIEW OF EXISTING METHODS OF GUTTER DESIGN AND 
COMPARISON WITH RESULTS OF PREVIOUS CHAPTER
A t p re s e n t numerous m ethods o f  g u t t e r  d e s ig n  a re  em ployed 
in  South A f r i c a .  These m ethods a re  g e n e r a l ly  based on r u le  o f  
thum b te c h n iq u e s  d e r iv e d  fro i,, p a s t e x p e r ie n c e . An exam ple o f  
such a m ethod i s  t h a t  p re s e n te d  in  th e  S tan da rd  B u i ld in g  R e g u la tio n s , 
19 70 / The s iz e  o f  a r a in w a te r  g u t t e r  s h a l l  be c a lc u la te d  on th e  
b a s is  o f  7cm^ o f  c r o s s - s e c t io n o l  a re a  f o r  e v e ry  5m^ o f  r o o f  a re a  
se rve d  by such g u t t e r .  The s iz e  o f  ra in w a te r  dow npipe s h a l l  be 
c a lc u la te d  on th e  b a s is  o f  7cm^ o f  c r o s s - s e c t io n a l  a re a  f o r  e ve ry  
7ra^ o f  r o o f  a re a  se rve d  by such do w np ipes.
Such m ethods a re  n o t based on sound t h e o r e t i c a l  p r in c ip le s  
and ta k e  no acco u n t o f  th e  many v a r ia b le s  in v o lv e d  in  g u t t e r  d e s ig n . 
The B u i ld in g  R esearch S ta t io n  (1958 and 1969) has produced 
a m anual t h a t  a t te m p ts  t o  ta k e  i n t o  acco u n t th e  v a r ia b le s  in v o lv e d  
and to  r a t i o n a l i s e  g u t t e r  d e s ig n . A summary o f  th e  r e le v a n t  
s e c t io n s  o f  B .R .S . D ig e s t 107 (1 9 6 9 ) i s  g iv e n  b e low .
SUMMARY OF BUILDING RESEARCH STATION METHOD 
OF GUTTER DESIGN
PART 1 -  TO DETERMINE THE SIZES OF EAVES GUTTERS 
AND DOWNPIPES AND SMALL VALLEY GUTTERS
Eaves G u tte rs
C a lc u la te  th e  f lo w  lo a d  a c c o rd in g  to  th e  p i t c h  o f  th e  r o o f ,
( i )  F o r r o o f  p itc h e s  up to  5 0 ° , th e  a n g le  o f  p i t c h  i s  ig n o re d .
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( i i )  F o r p i tc h e s  o v e r  5 0 ° , th e  f lo w  lo a d  i s  c a lc u la te d  u s in g  
th e  p la n  a re a  o f  th e  r o o f .
F low  C a p a c ity  ( l i t r e s / m in u t e )  o f  l e v e l  g u t t e r s ,  o u t l e t  a t  one end. 
N om ina l G u t te r  F low  c a p a c ity  o f  t r u e  h a l f - ro u n d  g u t te r s
s iz e  in  m il l im e t r e s  in  l i t r e s / m i n  in  tn3/  s
75 25 0 ,00 04 2
100 50 0 ,00083
1 1 2 ,5  68 0 ,00113
125 90 0 ,00 15 0
150 140 0 ,00 23 3
The above ta b le  g iv e s  th e  f lo w  c a p a c ity  o f  t r u e - h a l f  
rou nd  g u t te r s ,  f i t t e d  le v e l  and w i th  o u t le t  a t  one end as 
c a lc u la te d  from  Q = 0 ,0 0 1 6 A ^ '^ J where A i s  i n  and Q i s  in  
l / m in .  T h is  fo rm u la  may a ls o  be used t o  c a lc u la te  th e  f lo w  
c a p a c ity  o f  n o m in a l h a l f - r o u n d ,  seg m e n ta l, ogee and o th e r  s im i la r  
g u t t e r  s e c t io n s .
These f lo w  c a p a c i t ie s  can be a d ju s te d  f o r :
f a l l s  n o t le s s  th a n  1 /6 0 0  +40#
bonds w i t h in  2m o f  an o u t le t ,
on le v e l  g u t t e r s ,  sha rp  c o rn e re d  bend -2 0 #
rou nd  c o rn e re d  bend -1 0 #
on s lo p in g  g u t te r s  -2 5 #
bends w i t h in  2-4m o f  an o u t le t ,  h a l f  th o  
above f ig u r e s
le n g th ,  s lo p in g  g u t te r s  up t o  6m lo n g  -1 0 #
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Downpipe s iz e s  f o r  le v e l  and s lo p in g  g u t te r s
HR n o m in a l S h arp -(S C ) o r  r o u n d -  O u t le t  a t  O u t le t  n o t a t  end
g u t te r  s iz e  c o rn e re d  (RC) o u t le t  end o f  o f  g u t t e r
g u t t e r
75 SC 50 50
RC 50 50
100 SC 6 2 ,5 6 2 ,5
RC 50
112,5 SC 6 2 ,5 75
RC 50 6 2 ,5
125 SC 75 8 7 ,5
RC 62 ,5 75
150 SC 8 7 ,5 100
RC 75 100
Downpipe s iz e s  a p p r o p r ia te  t o  s ta te d  g u t t e r  s iz e s  a re  l i s t e d  
i n  th e  T a b le  above.
R e c ta n g u la r  one] box g u t te r s
The above m ethod f o r  d e te rm in in g  th e  s iz e  o f  eaves g u t te r s  
i s  v a l i d  f o r  r e c ta n g u la r  and box g u t te r s  i n  w h ich  th e  r a t i o  o r  
w id th /d o p th  i s  ab ou t 2 :1 .
PART2 -  TO DETERMINE THE SIZES OF LARGE VALLEY GUTTERS,
OUTLETS OF RECEIVERS AND RAINWATER PIPES
Shape o f  G u tte r
Tho w id th  o f  s o le  sho u ld  be n o t  le s s  th a n  300 m il l im e t r e s  
to  f a c i l i t a t e  m a in te n a n ce . The s id e s  o f  th e  g u t t e r  s h o u ld  r is e  
75 m il l im e t r e s  v e r t i c a l l y  above th e  r e q u ir e d  h e ig h t  to  p ro v id e
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F low  C o p o c ity  f o r  f r e e  d is c h a rg e
G u t te rs  sh o u ld  be p ro v id e d  w i th  o u t le t s  d e s ig n e d  to  
a c c e p t th e  f lo w  from  g u t t e r s  w ith o u t  in c r e a s in g  th e  f lo w  de p th  
in  th e  g u t t e r .
I n  a g u t t e r  d is c h a r g in g  f r e e ly ,  th e  f lo w  c a p a c i ty  i s  
g iv e n  by :
B s w id th  o f  w a te r  s u r fa c e  o t  o u t l e t  i n  m il l im e t r e s  
I t  i s  assumed t h a t  th e  d e p th  o f  Flow a t  o u t l e t ,  Ho, i s  h a l f  th e
peak f lo w  d e p th  a t th e  f a r  end, D.
B o x -ty p e  re c e iv e r
W henever p o s s ib le  th e  g u t t e r  sh o u ld  d is c h a rg e  in t o  a b o x -  
ty p e  r e c e iv e r ,  th e  d e p th  o f  w h ich  can be chosen so as to  p e rm it  
th e  use o f  a r a in w a te r  p ip e  o f  con vo n io n  b s iz e .
The r e c e iv o r  sh o u ld  bo a t  l e a s t  as w id e  as th e  maximum
g u t te r  w id th  and i t  sh o u ld  bo lo n g  onough to  p re v e n t th e  f lo w  
fro m  th e  g u t t e r  o v o r -s h o o t in g  th e  bo x . A s u i t a b le  shape f o r  an 
e x te r n a l  b o x - ty p o  r e c e iv e r  i s  shown i n  F ig u re  9  in  w h ich  th e  
recommended de p th  o f  th e  odoe i s  Hd +  2 /3  Hd where Hd i s  th e  
d e p th  o f  w a te r  a t  th e  in le t ,  to  t i le  ra in w a te r  p ip e  r e q u ir e d  to  
g iv e  th e  n e ce ssa ry  d is c h a rg e  c a p a c i ty .  The le n g th  o f  th e  box 
Lb i s  g iv e n  by Lb = 2V?FfcIT whore F i s  th e  f o i l  between w a te r  
s u r fa c e s  and Ho i s  th e  d e p th  o f  f lo w  a t  th e  g u t t e r  o u t le t .
Q
w here Q = f lo w  c a p a c ity  i n  l i t r e s / m in u t e
A = a re a  o f  f lo w  a t  o u t le t  i n  mm^
E s J L ’ Dimm&iorx^ o f box-iypz rgcgivars 
toV External tonfllh , L b - a f P C r
M ,  | n t z r n a \  , L k  .  1 / ^ T  +  ^
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Where th e  box i s  s i tu a te d  p o r t  way a lo n g  a le n g th  o f  r o o f ,  a 
se p a ra te  v a lu e  Lb sh o u ld  be c a lc u la te d  f o r  each g u t te r  le n g th  
d r a in in g  i n t o  i t  and th e  tw o le n g th s  added to  g iv e  th e  t o t a l  
le n g th  o f  th e  box.
R a in w a te r  p ip e s
Where th e  g u t t e r  d is c h a rg e s  d i r e c t l y  i n t o  a ra in w a te r  
p ip e , th e  r a in w a te r  p ip e  i n l e t ,  sh o u ld  b«s d e s ig n e d  to  a l lo w  f r e e  
d is c h a rg e  fro m  th e  g u t t e r .  The d is c h a rg e  c a p a c ity  o f  th e  
ra in w a te r  p ip e  i n l e t  depends on th e  d io m o te r  o f  th d  i n l e t ,  th e  
d e p th  o f  w a te r  (h e a d ) o v e r  th e  i n l e t  and o r  w h e th e r tn e  w a te r  
s w i r ls  a b o u t th e  i n l e t .
S w i r l  can bo n e g le c te d  i f  th e  i n l e t  i s  a t  c d is ta n c e  le s s  
th o n  i t s  d ia m e te r  fro m  th e  n e a re s t v e r t i c a l  s id e  o f  th e  g u t t e r  o r  
bo x , In  t h i s  ease th e  i n l e t  a c ts  as a w e ir  f o r  a head o f  f lo w  
H up to  d /3  f o r  w h ich  range
Q =• 0 ,0 1 1 6  dH-s/iT1 ..........  6 ,2
where Q = d is c h a rg e  c a p a c ity  o f  i n l e t  i n  l i t r e s / m in u t e  
d  s d ia m e te r  o f  i n l e t  i n  m il l im e t r e s  
H = hood o f  w a te r  o v e r  i n l e t  in  m il l im e t r e s  
Where H i s  g r e a te r  th a n  d /3  th e  i n l e t  a c ts  os an o r i f i c e
and Q = 0 ,0 0 3 M ZJ T T  ..........  d .3
S w ir l  w i l l  o c c u r  i f  th o  i n l e t  i s  a t  a d is ta n c e  g r e a te r  
th a n  i t k  d ia m e te r  from  th o  n e a re s t v o r t i c a l  s id e .  I n  t h i s  in s ta n c e  
th e  w e ir  d is c h a rg e  i s  unchanged b u t  th e  o r i f i c e  d is c h a rg e  i s  
red uce d  by s w i r l  to
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Q = 0 , 0 0 2 9 d ^ / lT    6 .4
When s iz in g  th e  i n l e t  to  o r a in w a te r  p ip e  le a d in g  d i r e c t ly  
fro m  th e  g u t t e r ,  th e  head H sho u ld  be ta k e n  s th e  de p th  o f  f lo w  
a t  th e  g u t t e r  o u t le t ,  Ho, c a lc u la te d  when dev /m in in g  th e  g u t t e r  
c a p a c ity .
The d ia m e te r  o f  th e  r o in p ip e  can be reduced t o  tw o - th i r d s  
o f  th e  e f f e c t iv e  i n l e t  d ia m e te r  p ro v id e d  t h a t  th e  t r a n s i t i o n  i s  
made o v e r  a le n g th  o f  n o t le s s  th a n  th e  d ia m e te r  o f  th e  i n l e t .
A cecond method o f  g u t t e r  d e s ig n  was pro po sed  by M a r t in  
(1 9 7 3 ) f o r  A u s t r a l ia n  c o n d i t io n s .  T h is  m ethod i s  based on th e  
B u i ld in g  Research S ta t io n  r e s u l t s  and i s  e s s e n t ia l ly  th e  same as 
th e  BRS m ethod. S e v e ra l im provem ents  w ere how ever p re s e n te d  and 
th e se  a re  sum m arized be low .
SUMMARY OF RELEVANT PORTIONS OF MARTIN 
METHOD OF GUTTER DESIGN
THE CATCHMENT AREA
Wind in f lu e n c e s  th e  e f f e c t iv e  ca tchm en t a re a  by a l t e r in g  
th e  d i r e c t io n  o f  th e  r a i n f a l l .  I t  i s  argued fro m  s im p ly  
geom etry  t h a t  a s lo p in g  r o o f  m ust in te r c e p t  more w in d -d r iv e n  r a in  
de scen d in g  a t  an a n g le  f void th e  n o rm a l. However l im i t e d  d a ta  
e x is t s  upon w h ich  an e s t im a te  o f  such a 'w in d  f a c t o r '  can be based.
In  s a w - to o th  ty p e  o f  c o n s t r u c t io n ,  r a in  w i l l  be d i r e c te d  
o n to  th e  v e r t i c a l  r o o f  p o r t io n s ,  in c r e a s in g  th e  e f f e c t iv e  ca tchm en t 
a re a . Thus in  case s  o f  h ig h  w in d  a p e rce n ta g e  o f  th e  v e r t i c a l  
s u r fa c e  m ig h t be exposed to  r a i n f a l l  and t h i s  a re a  m ust be addud
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to  th e  o H ja c e n t s lo p in g  r o o f  a re a  in  d e te rm in in g  th e  e f f e c t iv e  
ca tc h „-v .K  a re a .
H igh  r is e  b u i ld in g s ,  how ever, a f f e c t  th e  i n t e n s i t y  o f  
r a i n f a l l  d u r in g  w in d y  p e r io d s .  The b u i ld in g s  w i l l  o b s t r u c t  th e  
f lo w  o f  a i r  and th e  r e s u l t in g  p a t te r n  o f  a i r  movement w i l l  cause 
r a in d r o p  t r a je c t o r ie s  to  d iv e rg e  o v e r  th e  o b s t r u c t io n  and converge 
on th e  le e w a rd  s id e  as seen in  F ig u re  10 . Thus r o o fs  o f  h ig h  
b u i ld in g s  may be e xp e c te d  t o  re c e iv e  lo w e r  i n t e n s i t i e s  o f  r a i n f a l l  
th a n  a re  re c o rd e d  on open g ro u n d . The same w ou ld  a p p ly  to  ro o fs  
on a d ja c e n t b u i ld in g s ,  b u t lo w e r  b u i ld in g s  a t  some d is ta n c e  on 
th e  le e w a rd  s id e  m ig h t e x p e r ie n c e  h ig h e r  i n t e n s i t i e s .
However u n t i l  f u r t h e r  re s e a rc h  has been pe rfo rm e d  on th e  
e f f e c t  o f  w ind , no  f i x e d  r u le s  con be s ta te d .  I t  appears t h a t ,  
f o r  th e  p re s e n t,  th e  d e s ig n e r  sh o u ld  in c re a s e  th e  p la n  a re a  o f  
th e  r o o f  to  acco u n t f o r  w in d  e f f e c t s .  T h is  f a c t o r  m ust be based 
on  s u b je c t iv e  know ledge o f  th e  w ind  c o n d i t io n s  a t  th e  s i t e .  In  
ex tre m e c o n d i t io n s ,  th e  t o t a l  r o o f  a re a  may be ta k e n  as th e  
ca tch m e n t a re a .
H a i l  i s  n o t ta k e ,, i n t o  a cco u n t i n  th e  r a i n f a l l  in t e n s i t y  
d a ta . I t  i s  g e n e r a l ly  ag reed t h a t  r u n o i t  fro m  h a i l  and snow i s  
lo w e r  th a n  fro m  r a in  and th e  m a jo r  p ro b le m  i s  due t o  th e  l i k e l i h o o d  
o f  b lo c k a g e  o f  d ra in a g e  c h a n n e ls  and do w np ipe x . Downpipes may 
be p ro te c te d  by w ire  mesh g u a rd s .
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F ig  10 ' A i r  -flow o ve r boWdings, csrd  p robab le  4 r a y c -'
tori%  -for ralvidrops of orvz s\'z& (broken Vnosl 
( A A t e r  M t i r i j i A  R T S )
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FLOW CAPACITY AND DESIGN OF DRAINAGE CHANNELS 
Eaves g u t te r s  f i t t e d  w ith  downpipe 
M a r t in  uses an im p e r ia l  u n i t  e q u iv a le n t  o f  th e  BRS 
fo rm u la  f o r  eaves g u t te r s  t o  d e te rm in e  th e  f lo w  c a p a c ity  o f  eaves 
g u t t e r s .
Q = a1 ,2 5  (1  +  x) 
where Q i s  i n  g a l lo n s /m in u te  
a i s  i n  in ^
x i s  a g u t t e r  d e s ig n  c o e f f i c ie n t  de pe nd ing  upon s lo p e s ,
bends e t c .  These x  v a lu e s  a re  s im i la r  to  th e  BRS r e d u c t io n  f a c to r s .
S in ce  p o t e n t ia l  damage from  f a i l u r e  o f  e x te r n a l  eaves
g u t te r s  i s  n o t l i k e l y  to  be g r e a t ,  t h e i r  d e s ig n  can be based on
lo w  re c u rre n c e  in t e r v a ls  o f  r a i n f a l l  i n t e n s i t y  (s a y  10 y e a r s ) .
The optim um  s iz e  o f  v e r t i c a l  dow np ipes to  s e rv e  such g u t te r s
i s  g iv e n  by th e  r u le  t h a t  th e  c r o s s - s e c t io n a l  a re a  o f  dow np ipe needs
to  be h a l f  th e  c r o s s - s e c t io n a l  a re a  o f  g u t t e r .  T h is  m ethod has
w orked s a t i s f a c t o r i l y  i n  A u s t r a l ia  f o r  7 y e a rs .
V a l le y  and box g u t te r s  w i th  f r e e  d is c h a rg e  to  
r e c e iv e r  end downpipe
These u s u a l ly  have a minimum w id th  o f  300 m il l im e t r e s  to  
f a c i l i t a t e  m a in te n a n ce . F o r th e  h o r iz o n t a l  case w i th  open end, 
th e  f lo w  c a p a c ity  o f  th e  g u t t e r  i s  g iv e n  by 
Q = 4 ,1 6 7  ( f 3/w ) 0 ' 5 
w here f  i s  th e  c r o s s - s e c t io n a l  a re a  o f  f lo w  a t  o u t le t  i n  in ^
W i s  th e  w id th  o f  f lo w  o f  th e  w a te r  s u r fa c e  a t  th e  o u t le t  
i n  in c h e s .
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Q i s  th e  f lo w  c a p a c ity  i n  g a l lo n s /m in u te  
T h is  i s  th e  im p e r ia l  u n i t  e q u iv a le n t  o f  th e  BRS fo rm u la  
f o r  v a l le y  g u t te r s .
The in f lu e n c e  o f  s lo p e  has been s tu d ie d  e m p ir ic a l ly  by 
M a r t in  and T i l l e y  (1 9 6 8 ) and th e  fo l lo w in g  r e la t io n s h ip  fo un d  f o r  
b o th  box t r a p e z o id a l  and vee g u t te r s :
Up to  1 ° s lo p e  th e  squ are  o f  th e  d is c h a rg e  c a p a c ity  i s  
d i r e c t l y  p r o p o r t io n a l  to  th e  s in e  o f  th e  a n g le  o f  s lo p e .
F o r s lo p e s  fro m  1 ° t o  2 0 °  th e  r e c ip r o c a l  o f  th e  maximum 
d e p th  o f  f lo w  i s  d i r e c t l y  p r o p o r t io n a l  to  th e  squ are  r o o t  o f  th e  
s in e  o f  th e  a n g le  o f  s lo p e . F ig u re  11 i l l u s t r a t e s  th e  r e s u lt s  
i n  te rm s  o f  a r e l a t iv e  d is c h a rg e  c a p a c ity  f a c t o r  ( n ) .  Thus i f  
a i s  th e  c a lc u la te d  c r o s s • ‘ c v i i o n a l  t^ e a  o f  g u t t e r  r e q u ir e d  f o r  
th e  h o r iz o n t a l  case , th e n  a = n a \  w here o'*" i s  th e  c r o s s - s e c t io n a l  
a re a  o f  g u t t e r  re q u ire d  f o r  th e  s lo p in g  case .
l-iii. n .  Innuuncv o f slope
in i ih-vli.itpc c it- 'id iy  o f .i drainage channel.
(A li.’i Martin and Viltoy 1968.)
The b o x - ty p e  r e c e iv e r  and dow npipe may be d e s ig n e d  to  
s e rv e  th e  f r e e ly  d is c h a rg in g  b o x - g u t to rs  as recommended by th e  
B u i ld in g  R esearch S ta t io n  (1 9 6 9 )
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D ownpipes to  f l a t  r o o fs
Where dow np ipes a re  fe d  by f l a t  a re a s  such as se a le d
membrane r o o fs  and n o t by g u t te r s ,  s e p a ra te  c o n s id e ra t io n  needs
to  be g iv e n  to  th e  e s t im a t io n  o f  th e  r e q u ir e d  s iz e  o f  th e  dow np ipe .
A ssum ing on e f f e c t iv e  d is c h a rg e  v e lo c i t y  o f  350 f t / m in  ( l , 7 8  m /s )
in  th e  dow npipe d u r in g  peak f lo w  c o n d i t io n s ,  th e  d is c h a rg e
c a p a c ity  i s  g iv e n  by
0 = H _ £  0 ,3 5 0  x 6 ,2 3    6 .5
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where Q i s  in  g a l lo n s  p e r  m in u te
D i s  th e  p ip e  d ia m e te r  in  in c h e s
M arsh (1 9 6 8 ) has p re s e n te d  a d e s ig n  m ethod f o r  PVC eaves 
g u t t e r s .  T h is  method i s  based on e x p e r im e n ta l d a ta  f o r  6 ,0 9 6  m e tre  
(2 0  f t . )  lo n g  g u t te r s .  The a p p r o p r ia te  r e s u l t s  a re  sum m arised be low .
SUMMARY OF RELEVANT PORTIONS OF MARSH METHOD OF 
GUTTER DESIGN FOR PVC HALF-ROUND EAVES GUTTERS
A le v e l  g u t t e r  w i th  an o u t le t  a t  th e  c e n tre  has a lm o s t 
tw ic e  th e  c a p a c ity  o f  a s im i la r  g u t t e r  w i th  an end o u t le t .
A f a l l  o f  1/600 in c re a s e s  th e  le v e l  g u t t e r  f lo w  c a p a c ity  
by 20 p e r c e n t.
A f a l l  o f  l /3 0 0  in c re a s e s  th e  le v e l  g u t t e r  f lo w  c a p a c ity  by 
30 p e rc e n t.
An a n g le  w i t h in  6 f t .  (2m) o f  th e  o u t le t  o f  a le v e l  g u t t e r ,  
red uce s  th e  f lo w  c a p a c ity  o f  th e  s t r a ig h t  g u t t e r  by 10 p e rc e n t.
An a n g le  f u r t h e r  th a n  6 f t .  (2m) fro m  th e  o u t le t  o f  th e  
le v e l  g u t t e r ,  red uce s  th e  f lo w  c a p a c ity  o f  th e  s t r a ig h t  g u t t e r  
by 5 p e rc e n t.
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An a n g le  w i t h in  6  f t .  (2m ) o f  th e  o u t le t  o f  a g u t t e r  
f i t t e d  to  a f a l l ,  red uce s  th e  f lo w  c a p a c ity  o f  th e  s t r a ig h t  
g u t t e r  by 20 p e rc e n t.
SUMMARY OF HELLINGS' METHOD OF DETERMINING 
THE OPTIMUM POSITION OF EAVES GUTTERS
H o l l in g s  (1 9 6 7 ) p ro po sed  o t h e o r e t i c a l  m ethod o f  d e te rm in in g  
th e  op tim um  p o s i t io n  o f  eoves g u t te r s  by  c o n s id e r in g  th e  t r a je c t o r y  
o f  th e  w a te r  f lo w in g  fro m  th e  r o o f  i n t o  th e  g u t t e r .  The method 
was v e r i f i e d  e x p e r im e n ta l ly .
T h is  method i s  used t o  d e te rm in e  th e  t r a je c t o r y  o f  th e  w a te r  
f lo w in g  from  a v o l le y  g u t t e r  i n t o  a box r e c e iv e r .  The r e s u l t  
o b ta in e d  p ro v id e s  a check on th e  pro po sed  d im e n s io n s  o f  b o x - re c e iv e r  
p re s e n te d  by th e  B u i ld in g  R esearch S ta t io n .
The t r a je c t o r y  o f  o p a r t i c le  in  a f r i c t i o n le s s  medium i s
g iv e n  by
a = ta n (d )  b + g .b ^  ..........  6 .6
2 V o ^ .c o s ^ (d )
where a = v e r t i c a l  d is ta n c e  t r a v e l le d  by p a r t i c le
b = h o r iz o n t a l  d is ta n c e  t r a v e l le d  by p a r t i c le  
Vo = i n i t i a l  v e lo c i t y
j  = a n g le  t h a t  th o  i n i t i a l  d i r e c t io n  o f  th e  p a r t i c le  
mokes w i th  th o  h o r iz o n t a l
p a th  oF 
p a rh d e .
Assum ing t h a t  th e  j e t  o f  l i q u id  d is c h a r g in g  fro m  a g u t t e r  
behaves in  a s im i la r  m anner, th e n  th e  t r a je c t o r y  o f  th e  j e t  o f  
w a te r  i s  g iv e n  by e q u a tio n  6 .6
I t  has been shown in  C h a p te r  3 t h a t  th e  f lo w  de p th  a t 
o u t l e t .  Ye, i s  le s s  th a n  th e  c r i t i c a l  d e p th , Y c r ,  and i s  a p p ro x im a te ly  
e q u a l to  Ye = 0 ,7 1 5  Y c r .  Assuming th e  g u t t e r  t o  be r e c ta n g u la r ,  
t h e  o u t le t  v e lo c i t y ,  Vo, w i l l  th e n  e q u a l 1 ,4  V o r, where V c r  i s  
th e  c r i t i c a l  v e lo c i t y .
The c r i t i c a l  v e lo c i t y  can be o b ta in e d  from  th e  e x p re s s io n
Q2B = 1
gA3
i . e .  V c r2 = gA
B
Thus Vo2 = gA ( 1 , 4 ) 2
S u b s t i t u t in g  f o r  th e  end v e lo c i t y ,  Vo, in t o  e q u a tio n  6 .6  g iv e s
a = t a n ( d ) .  b+Sbhf—2, ( l , 4) 2 . gA cost'd)
Assum ing a le v e l  g u t t e r ,  i . e .  d = 0 ° ,  g iv e s
« »  __
2 . ( 1 , 4 ^  . Y
Hence b W  2 * J a .Y '
T h is  e q u a tio n  i s  com pared wifeh th e  e q u a tio n  f o r  th e  minimum 
le n g th  o f  b o x - re c e iv e r  as p ro p rs o d  by th e  B u i ld in g  R esearch S t a t io n ,  
v i z .  Lb e z J T H o!  I t  i s  seen th a t  th e  e q u a tio n s  o re  i d e n t i c a l .
Thus i t  i s  con c lu d e d  t h a t  th e  I3RS fo rm u la  i s  based on th e  assu m ptio ns
o u t l in e d  above.
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Hence th e  BRS fo rm u la  w i l l  be adequa te  p ro v id e d  th a t  
Vo does n o t exceed 1 ,4  V c r .  T h is  may o c c u r  i n  c e r ta in  in s ta n c e s , 
b u t  th e  e f f e c t  th e r e o f  w i l l  be com pensated f o r  by i n b u i l t  s a fe ty  
fa c to r s  i n  th e  e q u a t io n . Namely
( i )  th e  e f f e c t  o f  f r i c t i o n ,  w h ich  i s  ig n o re d  in  th e  a n a ly s is *
( i i )  th e  le n g th  o f  r e c e iv e r  i s  c a lc u la te d  assum ing t h a t  th e  
j e t  o f  w a te r  d is c h a rg in g  fro m  th e  g u t t e r  may n o t im p in g e  on th e  
f a r  v e r t i c a l  w a l l  o f  th e  r e c e iv e r .  In  f u c t ,  i t  may w ith o u t  
a f f e c t in g  th e  o p e ra t io n  o f  th e  r e c e iv e r .
Thus i t  i s  f e l t  t h a t  th e  B u i ld in g  R esearch S ta t io n  fo rm u la  
f o r  d e s ig n  o f  b o x - re c e iv e rs  i s  a d eq ua te .
MiDGLEY RESULTS FOR THE FLOW CAPACITY OF DOWNPIPES
M id g le y  (1 9 6 4 ) in v e s t ig a te d  th e  h y d r a u lic  c h a r a c te r is t ic s  
o f  g u l l ie s  and dow npipes and p re s e n te d  a t h e o r e t i c a l  d is c u s s io n  
on th e  g e n e ra l b e h a v io u r  o f  t y p ic a l  do w np ipes.
The f lo w  c o n d i t io n  a t  th e  dow npipe i n l e t  can be
( i )  f r e e  w e ir  c o n d it io n
( i i )  o r i f i c e  c o n d i t io n
( i i i )  o r i f i c e  c o n d i t io n  w i th  s u c t io n
( i v )  w e ir  c o n d i t io n  w i th  s u c t io n
( v )  p ip ®  c o n d i t io n  o r
( v i )  p a r t i a l  p ip e  c o n d i t io n .
The e x is t in g  c o n d i t io n  depends p r im a r i l y  upon th e  head o f  w a te r  
a t  th e  i n l e t .
The B u i ld in g  R esearch S ta t io n  recommends t h a t  i n l e t s
sh o u ld  be d e s ig n e d  to  a l lo w  f r e e  d is c h a rg e  fro m  th e  g u t t e r .  In
t h i s  case , de pend ing  on th e  head, e i t h e r  c o n d i t io n  ( i )  o f  ( i i )
w i l l  h o ld .
I f  th e  f r e e  w e ir  c o n d i t io n  h o ld s  th e n
0  = Cd.TTD. Ho1' 5 = K .D .H o1' 5
and i f  th e  o r i f i c e  c o n d i t io n  h o ld s
r  = Cd.TT D2 .~/ 2 o  Ho" = K ^ . H *
4
where Q = d is c h a rg e  c a p a c ity  o f  i n l e t
Cd = c o e f f i c ie n t  o f  d is c h a rg e
D s i n l e t  d ia m e te r
Ho = d r iv in g  head
Compare th e  fo rm  o f  th e s e  e q u a tio n s  w ith  th o s e  p re se n te d
by th e  B u i ld in g  R esearch S ta t io n ,  nam ely ;
Q = 0 ,0 1 1 6  D H 1 ' 5......................................  6 .2
and Q = 0 ,0 0 3 9  D^a/TT ..........  6 .3
I t  i s  seen t k - . t  th e  B u i ld in g  R esearch S ta t io n  r e s u l t s  a re  
based on th e  t h e o r e t i c a l  f lo w  c o n d i t io n s  ( i )  and ( i i )  o u t l in e d  above.
S in ce  th e se  e q u a tio n s  have a sound t h e o r e t i c a l  b a c k in g  i t  
i s  f e l t  t h a t  th e y  can bo s a fe ly  a p p l ie d .
L I  RESULTS FOR LEVEL CHANNELS WITH PARALLEL SIDE WALLS
L i  (1 9 5 8 ) in v e s t ig a te d  s p a t i a l l y  v a r ie d  f lo w  in  le v e l  
c h a n n e ls  w i th  p a r a l l e l  s id e  w a l ls .  U s ing  momontum c o n s id e ra t io n s  
and assum ing t h a t  th o  f lo w  d e p th  a t  o u t le t  e q u a ls  th e  c r i t i c a l
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d e p th , L i  showed t h a t
Yj3 = J  21F02 +  1 
Yo
w here Yp = peak f lo w  d e p th  o t  up s trea m  end o f  ch a n n e l
Yo = f lo w  d e p th  a t  o u t le t
F o  s F rouda number a t  o u t l e t  = Qo^Bo
gAo3
Assum ing th e  end de p th  & c r i t i c a l  d e p th , Y c r , th e n  ^  = 1 
and th e  above e q u a t io n  red uce s  t o ;
Yp =, V a 'Y o  = 1 ,7 3 2  Yo
The B u i ld in g  R esearch S ta t io n  d e s ig n  method how ever 
assumes t h a t  Yp = 2Yo. A f u r t h e r  e s t im a te  o f  th e  v a lu e  o f  th e  
r a t i o  Yp/Yo can be o b ta in e d  by a b s t r a c t in g  d a ta  fro m  th e  r e c ta n g u la r  
g u t t e r  o u tp u t  f i l e s  and c a lc u la t in g  th e  r a t i o  Yp/Yo .
T h is  i s  done in  T a b le  20 .
I t  i s  seen t h a t  f o r  r e c ta n g u la r  g u t te r s  th e  r a t i o  YpA° 
i s  n o t c o n s ta n t b u t v a r ie s  between th e  l i m i t s  o f  a b o u t 1 ,7 5  to  2 ,0 .
An ave rage v a lu e  ap pe ars  to  be a b o u t 1 ,8 5 . Thus th e  B u i ld in g  
R esearch S ta t io n  v a lu e  o f  Yp/Yo « 2 i s  0 c o n s e rv a t iv e  r e s u l t .
V a lu e s  o f  Y d e s ig n  a re  a ls o  a b s t ra c te d  from  th e  o u tp u t  
f i l e s ,  where Y d e s ig n  c th e  d e s ig n  f lo w  d e p th , i . e .  th e  up strea m  
d e p th  w i th  th e  fre e b o a rd  a llo w a n c e  addod. V a lue s  o f  Y d e s ig n /Y o  
a re  ta b u la te d  in  T a b le  20 .
I t  i s  seen t h a t  an ave rage v a lu e  i s  ab ou t 2 ,2 .
Thus i t  can be c o n c lu d e d  t h a t  c o n s e rv a t iv e  e s t im a te s  o f  
th e  peak up strea m  d e p th  Yp and th e  d e s ig n  d e p th  Yd a re  g iv e n  by
t u r n  M&..„GAMSLMUBN ofFnB_speTM«\ni6»_cHA»;:m,»
MtBADTH
nebcos





Yp = 2 .Y o
Yd = 2 ,3  . Yo where Yo i s  ossuraed to  be th e  c r i t i c a l
These v a lu e s  can be used to  o b ta in  a q u ic k  e s t im a te  o f  th e  
r e q u ir e d  f lo w  de p th  f o r  a p a r t i c u la r  g u t t e r  p ro b le m .
COW ARISON OF EXISTING lit. SHOPS OF DETERMINING
REQUIRED FLOW AREAS AND DESIGN CURVES PROPOSED IN  CHAPTER 5
The e x is t in g  m ethods o f  d e te rm in in g  th e  r e q u ir e d  c ro s s -  
s e c t io n a l  a re a  o f  v a l le y  g u t te r s  f o r  g iv e n  f lo w  c o n d i t io n s  a re  
a l l  based on th e  B u i ld in g  Research S ta t io n  e q u a tio n
Q « 0 ,0 0 5 8  h F    6 .1
N  g
where Q i s  i n  l i t r e s / m in u t e ,  A in  and B in  m il l im e t r e s  •
Compare t h i s  w i th  th e  d is c h a rg e  c a p a c ity  o b ta in e d  by assum ing 
t h a t  th e  f lo w  de p th  a t  o u t le t  i s  c r i t i c a l ,  v i z .
Q = 0 , 0 0 5 9 5 ^ 4 ^
Thus i t  i s  seen t h a t  th e  f lo w  c a p a c ity  as g iv e n  by 
e q u a tio n  6 .1  i s  p r a c t i c a l l y  th e  same as th e  f lo w  c a p a c ity  
o b ta in e d  by assum ing th e  o u t le t  d e p th  t o  be c r i t i c a l .  Thus 
e q u a tio n  6 .1  assumes th e  o u t le t  d e p th  t o  e q u a l th e  c r i t i c a l  
d e p th . The B u i ld in g  R esearch S ta t io n  method th e n  assumes th e  
peak de p th  to  be tw ic e  th e  c r i t i c a l  d e p th . T h is  how ever i s  n o t 
a lw a ys  t r u e ,  as was p o in te d  o u t in  th e  p re v io u s  s e c t io n .  I t  i s  
how ever a re a s o n a b le , c o n s e rv a t iv e  e s t im a te .
9'
The e q u a tio n s  proposed in  t h i s  d is s e r t a t io n  f o r  th e  
d e s ig n  o f  r e c ta n g u la r  and t r a p e z o id a l  g u t te r s  a re :
F o r  r e c ta n g u la r  g u t t e r s  Y = . 1
V '4?nV  b0'67
F o r t r a p e z o id a l  g u t te r s  /  -- ' ^  \ 0 , - 474 _ b ^ ' ^
\ - ^ V  6 ^ *
I t  i s  f e l t  t h a t  use o f  th .'- . e iu a t io n s  w i l l  ta k e  b e t te r  
a cco u n t o f  th e  v a r ia b le s  in v o 'v u .:  in  g u t t e r  d e s ig n . The fo rm  o f  
th e s e  e q u a tio n s  i s  s im i la r  t o  t h a t  o f  e q u a tio n  6 .1  as can be seen 
by r e w r i t in g  e q u a tio n  6 .1  in  th e  fo rm  b e low :
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CORRECTION FACTORS TO BE APPLIED TO STANDARD GUTTER RESULTS 
AND THE SIZING OF BOX-RECEIVERS AND DOWNPIPES
A number o f  s ta n d a rd  g u t te r s  w ere a n a lyse d  in  C h a p te r  4 
and th e  r e s u l t s  o f  th e s e  a n a ly s e s  p re s e n te d  in  th e  fo rm  o f  de s ig n  
c r i t e r i a  i n  C h a p te r  5 . These d e s ig n  c r i t e r i a  a re  how ever o n ly  
a p p l ic a b le  to  th e  p a r t i c u la r  s ta n d a rd  g u t te r s  a n a lyse d  i . e .  to  
s t r a ig h t  h o r iz o n t a l  g u t te r s  w i th  o u t le t  a t  one end and o f  
re c ta n g u la r ,  t r a p e z o id a l  o r  h a l f - ro u n d  s e c t io n .  Means o f  
e x te n d in g  th e s e  r e s u lt s  t o  in c lu d e  a l l  asp e c ts  o f  th e  d e s ig n  o f  
p r a c t i c a l  g u t t e r  system s w ere s o u g h t.
I t  was f e l t  t h a t  due to  th e  la c k  o f  d a ta  on th e  s u b je c t ,  
th e  o n ly  f e a s ib le  approach to  th e  v a r ia t io n s  fro m  th e  s ta n d a rd  
g u t t e r  w ou ld  be to  a b s t r a c t  r e le v a n t  in fo r m a t io n  from  p re v io u s  
in v e s t ig a to r s ’ w o rk . I f  d i f f e r e n t  in v e s t ig a to r s  em ployed 
d i f f e r e n t  means o f  a c c o u n tin g  f o r  such v a r ia t io n s ,  th e n  th e  m ost 
c o n s e rv a t iv e  r e s u l t  w i l l  be em ployed.
The r e le v a n t  a b s tra c te d  r e s u l t s  a re  as l i s t e d  b e low :
CORRECTION , *CT0RS TO BE APPLIED TO THE STANDARD 
GUTTER RESULTS
Eaves G u tte rs
The d is c h a rg e  c a p a c ity  o f  a s ta n d a rd  g u t t e r  can be 
a d ju s te d  f o r :
F a l ls  n o t le s s  th a n  1 /6 0 0  +  20%
9)
Bends w i t h in  2m o f  an o u t le t  on le v e l  g u t te r s ,
s h a rp -c o rn e re d  bends -  20%
ro u n d -c o rn e re d  bends -  10#
on s lo p in g  g u t te r s  -  25%
Bends w i t h in  2m -  4m o f  on o u t le t  
h a l f  o f  th e  above r e s u lt s  
N o n -c e n tra l dow npipe in  a le v e l  g u t t e r ,  th e  d is c h a rg e  
c a p a c ity  i s  g iv e n  by Q.L where
U
Q = d is c h a rg e  c a p a c ity
L = g u t t e r  le n g th
L*  = le n g th  o f  lo n g e r  arm o f  g u t t e r
V a l le y  C u t te r s
No r e s u l t s  a re  a v a i la b le  on th e  e f f e c t s  o f  bends. Bends 
a re  seldom  in c o rp o r a te d  in  la r g e  v a l le y  g u t te r s ,  b u t i f  such 
g u t te r s  sh o u ld  have bends, th e  d e s ig n e r  m ust a p p ly  c o r r e c t io n  
fa c to r s  o f  h is  own c h o ic e . The fa c to r s  above f o r  eaves g u t te r s  
moy be used as a g u id e .
The e f f e c t  o f  s lo p e  can be to k e n  i n t o  a cco u n t by means o f  
th e  M a r t in  m ethod, as o u t l in e d  in  th e  p re v io u s  C h a p te r . I t  i s  
f e l t  t h o t  t h i s  m ethod co u ld  be im p rove d  by d e te rm in in g  th e  e f f e c t
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o f  s lo p e  t h e o r e t i c a l l y .  T h is  c o u ld  be done by in c lu d in g  s lo p e  
e f f e c t s  i n  th e  a n a ly s is  o u t l in e d  in  C h a p te r  3 and com paring  th e se  
r e s u l t s  w i th  th e  h o r iz o n t a l  g u t t e r  r e s u l t s .  T h is  may w e l l  r e s u l t  
i n  a b e t t e r  u n d e rs ta n d in g  o f  th e  e f f e c t  o f  s lo p e s  on a g u t t e r .
SIZING OF BOX-RECEIVERS AND DOWNPIPES 
DOWNPIPES FROM EAVES GUTTERS
M a r t in  recommends t h a t  th e  c r o s s - s e c t io n a l  a re a  o f  dow np ipe 
be h a l f  th e  c r o s s - s e c t io n a l  a re a  o f  g u t t e r  t h a t  i t  i s  d r a in in g .
The S u i ld in g  R esearch S ta t io n  recommends th a t  dow np ipe s iz e s  be 
based on th e  ta b le  rep ro du ced  in  T a b le  21 .
B o th  th e s e  m ethods assume t h a t  th e  f lo w  c a p a c ity  o f  a 
p a r t i c u la r  g u t t e r  i s  f i x e d  and hence th e  s iz e  o f  th e  downpipe 
s e rv in g  such a g u t t e r  i s  f i x e d .  I f  th e  m o d if ie d  fo rm  o f  th e  
B u i ld in g  R esearch S ta t io n  eaves g u t t e r  d e s ig n  e q u a tio n  i s  used,
v i z .  Q = 0,S433A1 ' 25A 0 ,4 7
th e n  th e  f lo w  c a p a c ity  i s  n o t f i x e d ,  b u t depends on th e  le n g th  
o f  th e  g u t t e r .  Thus when a p p ly in g  th e  m o d if ie d  BRS e q u a t io n , i t  
i s  d e s ira b le  t o  m o d ify  th e  B u i ld in g  R esearch S ta t io n  method o f  
dow np ipe s iz in g  t o  ta k e  in t o  a cco u n t th e  g u t t e r  le n g th ,  x .
The dow npipe s iz e  can be fo u n d  fro m  th e  fo llo w in g  
t h e o r e t ic a l  a n a ly s is :
Assume th a t  th e  f lo w  c o n d i t io n s  a t th e  g u t t e r  o u t le t  
a p p ro x im a te  o r i f i c e  f lo w  c o n d i t io n s ,  th e n  the  d is c h a rg e  c a p a c ity ,
Q, o f  th e  o u t le t  a c c o rd in g  to  e q u a tio n s  6 .3  and 6 .4  i s  g iv e n  b y ;
Q = 0 ,00 39
o r  Q* = 0 ,00 29  d^VFT  i f  s w i r l  occu rs
w here Q i s  i n  l i t r e s / m in u t e
d i s  th e  o u t le t  d ia m e te r  i n  m il l im e t r e s
H i s  th e  d r i v in g  head in  m il l im e t r e s
Assume t h a t  th e  d r iv in g  head e q u a ls  th e  c r i t i c a l  depth
end assume t h a t  th e  c r i t i c a l  de p th  e q u a ls  h a l f  th e  peak d e p th .
Then f o r  h a l f - ro u n d  g u t te r s
H = Y c r
Y c r  = 1 Yp = D
2 4
w here D i s  th e  g u t t e r  d ia m e te r
And th e  d is c h a rg e  c a p a c ity  o f  th e  o u t le t  i s
Q = 0 ,0 0 1 9 5  d ^ V D '
o r  = 0 ,00 14 5  d ^ V D ’  i f  s w i r l  o ccu rs
The r e q u ir e d  o u t le t  d ia m e te r  i s  th u s
513 Q
1 690 i f  s w i r l  o c c u rs  .................  7 .2
V d1
To check th e  v a l i d i t y  o f  th o se  e q u a t io n s , th e  B u i ld in g  
R esearch S ta t io n  e q u a tio n  f o r  th e  f lo w  c a p a c ity  o f  eaves g u t te r s ,  
v i z ,  Q s 0 ,0 0 1 6 A "* " '^ , i s  s u b s t i tu te d  in t o  them  and th e  
dow npipe s iz e s  com puted. The n e x t la r g e s t  s ta n d a rd  dow npipe 
s iz e  i s  th e n  s e le c te d  f o r  use . The r e s u l t s  a re  in  T a b le  21 .
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d= (Q .5 1 3 /V & )*
m il l im e t r e s m il l im e t r e s
DOWNPIPE SIZES RECOMMENDED BY THE 
B .R .S .
Sharp ( S .C .) 
c o rn e r  o r
c o rn e r  ( R .C .)
O u t le t  a t
g u t t e r  
i n  m i l l i ­
m etres
O u t le t  n o t 
a t  end o f  
g u t t e r  in
m e tres
75 25 3 8 ,5 4 4 ,6 SC 50 50
50 50 RC 50 50
100 50 5 1 ,5 5 9 ,6 SC 62 ,5 6 2 ,5
6 2 ,5 6 2 ,5 RC 50 50
11 2 ,5 68 5 7 ,4 6 6 ,6 SC 6 2 ,5 75
6 2 ,5 75 RC 50 6 2 ,5
125 90 6 4 ,4 7 4 .5 SC 75 8 7 ,5
75 75. RC 6 2 ,5 . 75
150 140 7 6 ,7 8 8 ,7 SC 8 7 ,5 100
8 7 ,5 100 75 100
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C om parison o f  th e s e  r e s u l t s  w i th  th e  dow npipc s i r e s  
recommended by th e  B u i ld in g  R esearch S ta t io n  le a d s  to  th e  
c o n c lu s io n  t h a t  th e  above method was th e  method em ployed by th e  
B u i ld in g  R esearch S ta t io n  in  d e te rm in in g  th e  dow npipe s iz e s  r e q u ir e d  
by g u t te r s  w ith  sha rp  c o rn e re d  o u t le t s .  No s w i r l  was assumed to  
e x i s t  i f  th e  o u t le t  was a t  th e  end o f  th e  g u t t e r ,  w h i le  s w i r l  was 
assumed to  e x i s t  i f  th e  o u t le t  was n o t a t  th e  end o f  th e  g u t t e r .
Thus i t  ap pe ars  t h a t  e q u a tio n s  7 . 1  and 7 . 2  can be used t o  
d e te rm in e  th e  dow npipe s iz e s  r e q u ir e d  by h a l f - ro u n d  g u t te r s ,  
p ro v id e d  t h a t  th e  d is c h a rg e  c a p a c ity ,  Q, used in  th e  e q u a tio n s  i s  
th e  a c tu a l d is c h a rg e  c o o o c ity  o f  th e  g u t t e r  and n o t th e  a d ju s te d  
d is c h a rg e  c a p a c ity  ( i . e .  th e  d is c h a rg e  c a p a c ity  a f t e r  c o r r e c t io n  
fa c to r s  have been a p p l ie d ) .
I t  i s  assumed t h a t  th e s e  e q u a tio n s  w i l l  a ls o  h o ld  f o r  
no m in a l h a l f - ro u n d ,  ogee and o th e r  s im i la r  g u t t e r  s e c t io n s .
A l t e r in g  th e  u n i t s  in v o lv e d  i n  e q u a tio n s  7 .1  and 7 .2  th e v  
can be w r i t t e n
d = f o 7 w W
V v ?  ..........  7 .3
o r  d1 .  / J .,30901 w ith  m i l l  ..........  7 .4
V  v p
w here d i s  i n  m e tros
D i s  i n  m etres
0 i s  in  m3/S
S u b s t i t u t in g  th e  m o d if ie d  B u i ld in g  Research S ta t io n  v a lu e  
f o r  th e  d is c h a rg e  c a p a c ity ,  Q, i n t o  th e s e  e q u a tio n s  w i l l  g W e a
g e n e ra l d e s ig n  fo rm u la  f o r  do ivnp ipes.
/  0 ,9 7 3 . 0 ,84 33 a1 ' 25
v y 0 ,4 7
t  1 ,30 9  . 0 ,8 4 3 3 a1 ' 25
These re d u ce  to  
d = /  0 .8 2 A l f  




w ith  s w i r l
7 .5
x ° ' 47V ^    7 .6
These th e n  o re  th e  d e s ig n  e q u a t io n s  f o r  eaves dow np ipes, 
where e q u a tio n  7 .5  i s  used f o r  ro u n d -c o rn e re d  o u t le t s  and 7 .6  i s  
used f o r  s h a rp -c o rn e re d  o u t le t s .
BOX-TYPE RECEIVERS FROM VALLEY GUTTERS
The B u i ld in g  R esearch S ta t io n  recom m endations f o r  s iz in g  
b o x - re c e iv e rs  o re  d is c u s s e d  in  C h a p te r 6 .  These w i l l  be adop ted 
f o r  u se . The recommended r e c e iv e r  s iz e ,  as seen in  f i g u r e  9 be low  /  
depends on th e  d e p th  o f  f lo w  a t  th e  g u t t e r  o u t l e t ,  Yo.
EjaJL o f
103
The de p th  o f  f lo w  a t  th e  o u t l e t  i s  le s s  th a n  th e  c r i t i c a l  
d e p th  and i s  ap p ro x im a te d  by
Yo = 0 ,7 1 5  Y c r .
I t  i s  f e l t  how ever t h a t  i t  i s  more d e s ira b le  to  em ploy 
th e  c r i t i c a l  d e p th  as th e  Yo v a lu e  in  th e  e q u a tio n  f o r  box le n g th ,
Lb . T h is  p ro v id e s  a c e r ta in  s a fe ty  f a c t o r  and a llo w s  f o r  e r r o r s  
i n  th e  a n a ly s is  used to  d e te rm in e  th e  box le n g th  e q u a tio n  (se e  
p re v io u s  c h a p te r ) .
I f  d e s ig n  i s  based on th e  d e s ig n  e q u a tio n s  recommended in  
C h a p te r  5 th e n  th e  c r i t i c a l  d e p th  con be assumed to  be e q u a l to  
Y d e s ig n /2 ,3  (se e  C h a p te r  6  f o r  e x p la n a t io n ) ,
DOWNPIPES FROM 80X-RECEIVERS AND VALLEY GUTTERS
The B u i ld in g  R esearch S ta t io n  m ethod w i l l  be used. The 
p ro b le m  e x is t s  os to  w ha t i s  th e  d r i v in g  head o f  w a te r  o v e r  th e  
dow npipe i n l e t .  T h is  head w i l l  be assumed to  be th e  c r i t i c a l  
d e p th  and hence i s  g iv e n  by Y d e s ig n /2 ,3 .
GUTTER SECTIONS OTHER THAN RECTANGULAR OR 
TRAPEZOIDAL SECTIONS
V a r io u s  m ethods o f  t h e o r e t i c a l l y  r e la t in g  th e  r e s u l t s  o f  
r e c ta n g u la r  and t r a p e z o id a l  g u t t e r s  t o  o th e r  g u t t e r  s e c t io n s  w ere 
a tte m p te d  w i th o u t  succe ss . A tte m p ts  w ore  made to  d e te rm in e  a 
r a t i o  between th e  c r i t i c a l  d e p th  in  a re c ta n g u la r  s e c t io n  and th e  
c r i t i c a l  d e p th  in  a t r a p e z o id a l  s e c t io n  w i t h  one s id e  v e r t i c a l  
and one s id e  s lo p in g ,  b u t i t  was fo u n d  t h a t  t h is  r a t i o  was a 
v a r ia b le .
I t  was d e c id e d  t h a t  th e  b e s t method o f  e x te n d in g  th e  
r e s u l t s  was as f o l lo w s :
( i )  Where a h ig h  degree o f  a cc u ra c y  i s  n o t r e q u ir e d
The r e q u ir e d  a re a  o f  th e  g u t t e r  i s  d e te rm in e d  by com b in ing  
th e  r e s u l t s  o f  r e c ta n g u la r  and t r a p e z o id a l  g u t te r s  w ith  e q u a l s id e  
s lo p e  in  a s u i t a b le  fa s h io n .
F o r exam ple
+ \y.l \ 7
I—r-
( i i )  Where a h ig h e r  de gre e o f  a ccu ra cy  i s  re q u ire d
The d e s ig n  d e p th  may be assumed to  be 2 ,3  t im e s  th e  
c r i t i c a l  f lo w  d e p th  in  th e  g u t t e r .  Thus i t  w i l l  be n e ce ssa ry  to
d e te rm in e  th e  c r i t i c a l  f lo w  d e p th . T h is  can be done by a t r i a l
and e r r o r  s o lu t io n  o f  th e  e q u a tio n
CHAPTER 8
PRESENTATION OF A GUTTER DESIGN MANUAL FOR 
SOUTH AFRICAN CONDITIONS
INTRODUCTION
A t p re s e n t seve red  m ethods o f  g u t t e r  d e s ig n  based on r u le  
o f  thumb te c h n iq u e s  a re  em ployed in  South A f r i c a .  These m ethods 
o f te n  g iv e  w id e ly  d i f f e r i n g  s o lu t io n s  and i t  i s  f e l t  t h a t  th e y  do 
n o t  a lw a ys  r e s u l t  i n  op tim um  d ra in a g e  system  d e s ig n . An a t te m p t 
has been made t o  r a t i o n a l i z e  g u t t e r  d e s ig n  by a p p ly in g  sound 
th e o r e t ic a l  p r in c ip le s  to  th e  c r i t i c a l  e le m e n ts  o f  a d ra in a g e  
sys te m . The v a l i d i t y  o f  a l l  t h e o r e t i c a l  a n a ly s e s  em ployed was 
checked a g a in s t  a v a i la b le  e x p e r im e n ta l d a te  from  t e s t  g u t te r s .  
Where th e  a ssu m ptio ns  used in  th e  t h e o r e t ic a l  a n a ly s e s  r e s u lt e d  
i n  c o n d i t io n s  t h a t  d i f f e r e d  from  p r a c t ic e d  g u t t e r  syste m s, th e  
e f f e c t  o f  th e s e  assu m ptio ns  i s  to k e n  i n t o  a cco u n t by means o f  
c o r r e c t io n  fa c to r s .
The c o r r e c t io n  fa c to r s  and s e v e ra l o f  th e  d e s ig n  e q u a tio n s  
have been a b s tra c te d  from  th e  d e s ig n  m ethods proposed by M a r t in  
(1 9 7 3 ) and th e  B u i ld in g  R esearch S ta t io n  (1 9 6 9 ) .  The la y o u t  o f  
t h i s  m anual fo l lo w s  th e  la y o u t  o f  th e  M a r t in  m anua l.
POSITION OF DOWNPIPES ( a f t e r  M a r t in  (1 9 7 3 ))
'A lth o u g h  g e n e ra l lo c a t io n  o f  dow np ipes i s  f i x e d  by 
c o n s id e ra t io n s  o th e r  th a n  d e s ig n in g  f o r  op tim um  
d ra in a g e , th e  number to  bo i n s t a l l e d  i s  u s u a l ly  a 
d e s ig n  v a r ia b le .  O b v io u s ly ,  th o  more dow npipes 
th e  s m a lle r  th e  ca tchm en t a re a  and th e  s m a lle r
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th e  s iz in g  o f  d ra in a g e  c h a n n e ls . However th e  
h ig h  c o s t o f  a d d i t io n a l  dow np ipes t o  m u l t i ­
s to re y  b u i ld in g s  in  p a r t i c u la r ,  u s u a l ly  en sures 
t h a t  as few as p o s s ib le  w i l l  be used. Some 
s im p le  commonsense r u le s  a p p ly ,  g R oof ca tchm en ts  
sh o u ld  be k e p t s m a lle r  th a n  900m and a t  le a s t  tw o 
dow np ipes sh o u ld  be in s t a l l e d  on o i l  r o o fs  w i th  
t o t a l  ca tchm en ts  g r e a te r  th a n  a b o u t 45m2.
D ra in a g e  from  r o o fs  s h o u ld  n o t be d i r e c te d  on to  
o th e r  r o o fs  b u t i n t o  s e p a ra te  do w np ipes.
E x te rn a l dow np ipes a re  p r e fe r r e d  on th e  b a s is  o f  
ease o f  m a in ten an ce , lo w e r  p o te n t ia l  damage 
sh o u ld  b lo cka g e  o c c u r ,  and th e  f a c i l i t y  f o r  
i n s t a l l i n g  o v e r f lo w  w e ir s  a t  th e  dow np ipe . F la t  
g r a t in g s  to  m in im iz e  th e  b lo c k a g e  to  i n t e r n a l  
dow np ipes s e rv in g  f l a t  r o o fs  s h o u ld  n o t be used 
u n le s s  th e  i n l e t  t o  th e  dow np ipes i s  g r e a te r  
th a n  150 m il l im e t r e s  d ia m e te r , and th e n  th e  
r e s t r i c t e d  a rea o f  f lo w  m ust be used in  th e  
c a lc u la t io n s .  One o f  th e  m ost tro u b le so m e  
causes o f  b lo cka g e  o f  dow np ipes s e rv in g  f l a t  
r o o fs  to  m u l t i - s to r e y  b u i ld in g s  i s  caused by 
r a in  le a c h in g  f r e e  lim e  from  c e m u n t- r ic h  c o n c re te  
p a v in g . The lim e  i s  c a rb o n a te d  and d e p o s ite d  a t 
th e  i n l e t  to  th e  dow npipe as c a lc iu m  ca rb o n a te .
Such d e p o s its  can o n ly  be rem oved w i th  d i f f i c u l t y  
by m e ch a n ica l means. N ea t cem ent powder m ust 
n o t  be used as a d r i e r  f o r  such c o n c re te  p a v in g .
The d e ta i le d  p o s i t io n  o f  dow np ipes s e rv in g  
d ra in a g e  c h a n n e ls  w i l l  in f lu e n c e  th e  d is c h a rg e  
c a p a c ity  o f  th e  c h a n n e l. Where p o s s ib le  th e  
p o s i t io n  sh o u ld  be in  th e  c e n tre  o f  th e  le n g th  
o f  th e  cha nn e l and so lo c a te d  t h a t  th e  w a te r  in  
th e  ch a n n e l does n o t  need to  t r a v e rs e  a bend to  
rea ch  th e  i n l e t .1
THE CATCHMENT AREA
W ind in f lu e n c e s  th e  e f f e c t iv e  ca tchm en t a re a  by a l t e r in g  
th e  d i r e c t io n  o f  th e  r a i n f a l l .  I t  i s  argued fro m  s im p le  
ge om e try  t h a t  a s lo p in g  r o o f  m ust i n te r c e p t  more w in d -d r iv e n  r a in ,  
de scen d in g  a t an a n g le  fro m  th e  n o rm a l. However v e ry  l i t t l e
10/
d a ta  e x is t s  upon w h ich  an e s t im a te  o f  s jc h  a 'w in d  f a c t o r 1 i'an
In  s a w - to o th  ty p e  o f  c o n s tr u c t io n  r a in  w i l l  be d i r e c te d  
o n to  th e  v e r t i c a l  r o o f  p o r t io n s ,  in c r e a s in g  th e  e f f e c t iv e  ca tchm en t 
a re a . Thus in  cases o f  h ig h  w in d  a p e rce n ta g e  o f  th e  v e r t i c a l
s u r fa c e  m ig h t be exposed t o  r a i n f c 1 I  and t h is  a re a  m ust be added
to  th e  a d ja c e n t s lo p in g  r o o f  a re a  in  d e te rm in in g  th e  e f f e c t iv e  
ca tchm en t a re a .
H ig h  r is e  b u i ld in g s  a f f e c t  th e  i n t e n s i t y  o f  r a i n f a l l  
d u r in g  w in d y  p e r io d s .  The b u i ld in g s  w i l l  o b s t r u c t  th e  f lo w  o f  
a i r  and th e  r e s u l t in g  p a t te r n  o f  a i r  movement w i l l  cause ra in d ro p  
t r a je c t o r ie s  to  d iv e rg e  o v e r  th e  o b s t r u c t io n  and con ve rg e  on th e  
le e w a rd  s id e .
Thus ro o fs  o f  h ig h  b u i ld in g s  may be e xp ec ted  to  r e c e iv e  
lo w e r  i n t e n s i t i e s  o f  r a i n f a l l  th a n  a re  re c o rd e d  on open g ro un d .
The same w ou ld  a p p ly  to  r o o fs  on a d ja c e n t b u i ld in g s ,  b u t  lo w e r  
b u i ld in g s  a t  some d is ta n c e  on th e  le e w a rd  s id e  m ig h t e x p e r ie n c e  
h ig h e r  i n t e n s i t i e s .
However u n t i l  f u r t h e r  re s e a rc h  has been pe rfo rm e d  on th e
e f f e c t  o f  w in d , no f ix e d  r u le s  can bo s ta te d .  F u r p re s e n t,
th e  d e s ig n e r  sh o u ld  in c re a s e  th e  p la n  a rea o f  r o o f  t o  acco u n t f o r  
w in d  e f f e c t s .  The amount by w h ich  i t  i s  in c re a s e d  sh o u ld  be 
based on s u b je c t iv e  know ledge o f  th e  w in d  c o n d i t io n s  a t  th e  
p a r t i c u la r  s i t e .  In  ex tre m e c irc u m s ta n c e s  th e  t o t a l  r o o f  a re a  
may be ta k e n  as th e  ca tchm en t a re a .
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THE DESIGN RAINFALL INTENSITY
H o i l  i s  n o t  to k e n  i n t o  acco u n t i n  th e  d e s ig n  r a i n f a l l  
in t e n s i t y .  I t  i s  g e n e r a l ly  agreed t h a t  r u n o f f  fro m  h a i l  i s  
lo w e r  th a n  from  r a in  and th e  m a jo r  p ro b lem  i s  due to  th e  l i k e l i h o o d  
o f  b lo c k a g e  o f  d ra in a g e  c h a n n e ls  and do w np ipes. Downpipes may 
be p ro te c te d  by w ire  mesh g u a rd s .
The c r i t i c a l  d u r a t io n  o f  s to rm  l i k e l y  t o  cause o v e r to p p in g  
Of th e  d ra in a g e  system  i s  c o n s id e re d  t o  be f i v e  m in u te s . R a in f a l l  
i n t e n s i t i e s  f o r  th e  th re e  m e te o r o lo g ic a lly  homogeneous r a i n f a l l  
r e g io n s  in  South A f r ic a ,  as seen in  F ig u re  1 , hove been com puted 
f o r  v a r io u s  re c u rre n c e  in t e r v a ls  o f  f a i l u r e .  These i n t e n s i t i e s  
f o r  v a r io u s  re c u rre n c e  in t e r v a ls  have been p lo t t e d  a g a in s t th e  
mean a n n u a l p r e c ip i t a t io n  a t  th e  p a r t i c u la r  s i t e  i n  F ig u re s  2 , 3
The re c u rre n c e  i n t e r v a l  o f  f a i l u r e  em ployed sh o u ld  depend 
on th e  p o t e n t ia l  damage t h a t  may be caused by o v e r to p p in g  o f  
th e  d ra in a g e  system  and le a ka g e  o f  w a te r  in t o  th e  b u i ld in g .
D es ig n  o f  e x te r n a l  eaves g u t te r s  w i th  low  damage p o t e n t ia l  i f  
o v e r to p p in g  o c c u rs  may be based on re c u rre n c e  i n t e r v a ls  o f  5 to  
1(? y e a rs , w h i le  d e s ig n  o f  la r g o  v o l le y  g u t te r s  may be based on 
lo n g e r  re c u rre n c e  in t e r v a ls  o f  f a i l u r e .
Hence th e  d e s ig n  r a i n f a l l  i n t e n s i t y  f o r  g v . t e r  d e s ig n  i s  
o b ta in e d  by
( i )  d e c id in g  on th e  a p p r o p r ia te  re c u rre n c e  in t e r v a l  o f  f a i l u r e
( i i )  d e te rm in in g  th e  r a i n f a l l  r e g io n  o f  th e  g u t t e r  s i t e  from  
F ig u re  1 .
x ----------------------------------------------------------------------------------------------------------------
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1
( i i i )  d e te rm in in g  th e  mean an nu a l p r e c ip i t a t io n  a t  th e  . . i t e
( i v )  d e te rm in in g  th e  d e s ig n  r a i n f a l l  i n t e n s i t y  u s in g  F ig u re  
2 , 3 o r  4 .
The d e s ig n  r a i n f a l l  i n t e n s i t y  i s  g iv e n  in  m il l im e t r e s  p e r
h o u r .  T h is  m anual i s  based on u n i t s  o f  m e tres  and seconds. To
c o n v e r t  th e  in t e n s i t y  i n  m il l im e t r e s  p e r  h o u r to  m e tre s  p e r 
second m u l t i p l y  th e  in t e n s i t y  by 0 ,2 7 7 8  x 10 
DESIGN OF DRAINAGE SYSTEM
Eaves g u t t e r  d e s ig n  i s  based on th e  f lo w  c a p a c ity  o f
s ta n d a rd  g u t t o r  s iz e s  w h ile  v a l le y  g u t t e r  d e s ig n  i s  based on th e
d e te rm in a t io n  o f  th e  r e q u ir e d  c r o s s - s o c t io n a l  a re a  o f  g u t t e r  to  
c o to r  f o r  th e  p a r t i c u la r  in f lo w  r a te .
TO DETERMINE THE SIZE OF EAVES GUTTERS FITTED WITH DOWNPIPES
Tho f lo w  c a p a c ity  o f  l o ' e l  c a v e : g u t t e r s ,  o f  h - ^ lf - ro u n d , 
seg m en ta l and ogee s e c t io n ,  w ith  o u t l e t  a t  one end i s  g iv e n  by :
x  i s  th o  le n g th  o f  th e  g u t t e r  i n  m e tres  
The f lo w  c a p a c ity  as d e te rm in e d  by e q u a tio n  1 may be 
a d ju s te d  f o r :
0.8433A '1
w here Q i s  th e  f lo w  c a p a c ity  i n  m / $
A i s  th e  c r o s s - s o c t io n a l  a re a  o f  th e  g u t t e r  in
F o i l s  n o t lo s s  th a n  ^ /6 0 0 +  a *
Bends w i t h in  2m o f  an o u t le t
on le v e l  g u t t e r s ,  s h a rp -c o rn e re d  bends 20%
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ro u n d -c o rn e re d  bends -  10%
on s lo p in g  g u t te r s , -  25?$
Bends w l t h in  2 -  4m o f  an o u t le t  
h a l f  o f  th e  above r e s u l t s  
Downpipe n o t a t  end o f  g u t t e r .  The d is c h a rg e  c a p a c ity  
i s  g iv e n  by Q,x( where Q i s  th e  f lo w  c a p a c ity  w ith  dow np ipe a t
lo n g e r  arm o f  th e  g u t t e r .
Eaves g u t te r s  a re  d e s ig n e d  by i  t r i a l  and e r r o r  p ro c e s s .
A g u t t e r  s iz e  i s  e s t im a te d , th o  f lo w  c a p a c ity  i s  d e te rm in e d , 
c o r r e c t io n  fa c to r s  a re  a p p l ie d  i f  n e ce ssa ry  and th e  r e s u l t  i s  
compared w i th  th e  d is c h a rg e  t l :  i t  th o  g u t t e r  m ust c a t e r  f o r .  T h is  
i s  re p e a te d  u n t i l  th e  optim um  s o lu t io n  i s  o b ta in e d ,
TO DETERMINE THE SIZE OF DOWNPIPES DRAINING EAVES GUTTERS
Tho f lo w  i s  in f lu e n c e d  by th o  shape o f  th o  o u t le t ,  w h e th e r 
s h a rp -c o rn e re d  o r  ro u n d -c o rn e re d . Thus s e p a ra te  e q u a t io n s  e x is t  
fo x  th e  tw o d i f f e r e n t  c o n d i t io n s .
The s iz e  o f  o u t le t s  may be d e te rm in e d  by th e  fo l lo w in g  
e q u a t io n s :
1end, x  i s  th e  t o t a l  g u t t e r  le n g th  and x  i s  th e  le n g th  o f  th e
d f o r  ro u n d -c o rn e re d o u t le t s 2
d f o r  s h a rp -c o rn o ro d  o u t le t s 3
where d i s  th o  o u t le t  d ia m e te r  i n  m etres
A i s  th e  g u t t o r  c r a s s - s e c t io n a l  a ro a  in  in'2
x i s  th e  g u t t e r  le n g th  i n  m e tres  
D i s  th e  n o m in a l d ia m e te r  o f  th e  g u t t e r  i n  m etres
TO DETERMINE THE SIZE OF VALLEY AND BOX GUTTERS 
DISCHARGING FREELY INTO RECEIVER AND DOWNPIPE
These g u t te r s  o re  voe , t r a p e z o id a l  o r  r e c ta n g u la r  i n  shape 
and sh o u ld  have a minimum base w id th  o f  0,3m  to  f a c i l i t a t e  
m a in te n a n ce . Bends a re  g e n e r a l ly  n o t  in c o rp o r a te d  and d is c h a rg e  
,is  p r e fe r a b ly  v ia  an open end i n t o  a b n x - re c n iv e r .
R e c ta n g u la r  s e c t io n s :
The r e q u ir e d  c r o s s - s e c t io n a l  a re a  o f  g u t t e r  w i th  fre e b o a rd  
i s  g iv e n  by :
T ra p e z o id a l S e c tio n s  w i th  o q u a l s id e  s lo p e s :
The r e q u ir e d  c r o s s - s o c t io n a l  a re a  o f  g u t t e r  w i th  fre e b o a rd  
i s  g iv e n  by
x i s  th e  g u t t e r  le n g th  in  m o tto s  
b i s  th e  base w id th  i n  m o ires
deg i s  th e  s id e  s lo p e  i n  r a d ia n s ,  as m easured by th e  
e x te r n a l  a n g le  t h a t  th e  g u t t e r  s id e s  moke w i th  th e  
h o r iz o n t a l .
S e c t io n s  o th e r  th a n  r e c ta n g u la r  o r  t r a p e z o id a l  w i th  e q u a l s id e  s lo p e
A 4
A 5
whore A i s  th e  d e s ig n  c r o s s - s e c t io n a l  a re a  in
Q i s  th e  f lo w  r a te  t h a t  th e  g u t t e r  m ust c a r r y  i n  m V s
l i d
The re q u ir fe d  c r o s s - s e c t io n a l  a re a  o f  g u t t e r  w i th  fre e b o a rd  
can be d e te rm in e d  in  e i t h e r  o f  tw o ways.
( i )  Where a h ig h  de gree o f  a cc u ra c y  i s  n o t re q u ir e d ;
The r e q u ir e d  c r o s s - s e c t io n a l  a re a  can be fo u n d  by com b in ing  
th e  r e s u l t s  o f  r e c ta n g u la r  and t r a p e z o id a l  w ith  e q u a l s id e  s lo p e  
g u t t e r s  i n  a s u i ta b le  fa s h io n .
F o r example) to  s iz e  a t r a p e z o id a l  g u t t e r  w ith  one s id e  
s lo p in g  and th e  o th e r  s id e  v e r t i c a l ,  th o  fo l lo w in g  c o m b in a t io n  c u l d  
bg .ised .
+ \ /  \
i - i«
( i i )  Where a g r e a te r  d o g ro c  o f  a ccu ra cy  i s  n e c e s s a ry /
The r e q u ir e d  d e p th  o f  f lo w ,  w i th  f re e b o a rd  may be assumed 
to  be 2 ,3  t im e s  th e  c r i t i c a l  f lo w  d e p th  in  th o  p a r t i c u la r  g u t t e r ,  
i . e .  Yd a 2 ,3 Y c r  . . . . .  6
The c r i t i c a l  f lo w  de p th  may bo fo un d  by a t r i a l  and e r r o r  
s o lu t io n  o f  th e  fo l lo w in g  e q u a tio n .
= 1   7
M 3
where C i s  i n  H ow  r a te  t h a t  th o  g u t t e r  m ust c a r r y  i n  rt?/S  
B i s  th o  w id th  o f  w a te r  s u r fa c e  o t  o u t lo i  ’ m e tres  
A i s  th e  a re a  o f  f lo w  a t  o u t l e t  in
F o r th e  common case o f  t r a p e z o id a l  s e c t io n  w i th  one s id e
i i :
v e r t i c a l  and one s id e  s lo p in g ,  e q u a t io n  7 .3  i s  g iv e n  b y :
where Y c r  i s  th e  c r i t i c a l  d e p th  a t  o u t l e t  i n  m e tres  
6  i s  th e  s id e  s lo p e  in  dogm as 
CORRECTION FACTORS APPLIED TC THE REQUIRED AREA
Bends g e n e r a l ly  a ro  n o t in c o rp o r a te d  i n  v o l le y  g u t te r s  
and l i t t l e  d o te  on t h e i r  c f f o c t  e x is t s .  I f  bonds a re  p re s e n t,  
th e n  i k e  d e s ig n e r  m ust in c re a s e  th e  r e q u ir e d  a re a  u s in g  H is  
jud ge m e nt. The fa c to r s  g iv e n  f o r  oaves g u t te r s  may bo used as 
a g u id e .
The in f lu e n c e  o f  s lo p e  has been s tu d ie d  e m p ir ic a l ly  by 
M a r t in  and T i l l e y  (1 9 6 8 ) and th e  fo l lo w in g  r e la t io n s h ip  found 
f o r  b o th  box t r a p e z o id a l  and voo g u t te r s .
Up t o  1 °  s lo p e  th e  squ are  o f  th e  d is c h a rg e  c a p a c i ty  i s  
d i r e c t ly  p r o p o r t io n a l  t o  th e  s in e  o f  th e  a n g le  o f  s lo p e .
F o r  s lo p e s  from  1 °  t o  2 0 °  th e  r e c ip r o c a l  o f  th e  maximum 
de p th  o f  f lo w  i s  d i r e c t l y  p r o p o r t io n a l  to  th e  squ are  r o o t  o f  th e  
s in e  o f  th e  a n g le  o f  s lo p e . F ig u re  5 i l l u s t r a t e s  th e  r e s u l t s  in  
te rm s  o f  a r e l a t iv e  d is c h a rg e  c a p a c ity ,  n . Thus i f  A i s  th e  
c a lc u la te d  c r o s s - s e c t io n a l  a re a  r e q u ir e d  f o /  th e  h o r iz o n t a l  case
8
ih o re  A i s  th e  c r o s s - s e c t io n a l  a re a  r e q u ir e d  f o r  th e  s lo p in g
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p ,g - 5  •' In H u e r v c e  o f  slcf>e o n  d is c h a r g e  c r a f 'd c l i y
o f  a d r a in a g e  c h a n n e l . (  A f te r  M a r t in  and T id e ^  , l^ ^ s )
TO DETERMINE THE SIZE OF 80X-PECEIVERS FROM VALLEY GUTTERS 
B o x - re c e iv e rs  may be d e s ig n e d  t o  s e rve  th e  f r e e ly  
d is c h a r g in g  box g u t t e r  as recommended by th e  B u i ld in g  R esearch 
S ta t io n  (1 9 6 9 ).
The r e c e iv e r  sh o u ld  be a t  le a s t  as w id e  as th e  maximum 
g u t t e r  w id th  and s h o u ld  be d e s ig n e d  t o  p re v e n t th e  f lo w  fro m  th e  
g u t t e r  o v e rs h o o t in g  th e  b o x . A s u i t a b le  shape f o r  an e x te r n a l  
b o x - ty p e  r e c e iv e r  i s  i n  F ig u re  6.
The v a lu e  o f  th e  f lo w  d e p th  a t  o u t l e t  used i n  th e  fo rm u la  
t o  d e te rm in e  th e  le n g th  o f  th e  r e c e iv e r  i s  g iv e n  b y :
' %
W h e ri Yd i s  th e  peak f lo w  d e p th  w ith  f re e b o a rd  as fo un d  from  
e q u a tio n s  4 ,5  o r  6.
Fi  1(1
Pin 6: Csimmaiorxs o f  b o x - +yfc re c e ivers
"b v  r.xW rvdl lav^gth . L k  -  ____
ft>V in + g rra \ iengfrx  , L k  » *- -2-
TO DETERMINE THE SIZE OF DOWNMIPES FROM RECEIVERS 
OR VALLEY GUTTERS
Where th e  g u t t e r  d is c h a rg e s  d i r e c t l y  i n t o  th e  dow npipe, 
th e  dow npipe i n l e t  s h o u ld  be d e s ig n e d  to  a l lo w  f o r  f r e e  d is c h a rg e  
from  th e  g u t t e r .  The d is c h a rg e  c a p a c ity  o f  a dow np ipe depends 
on th e  i n l e t  d ia m e te r , th e  head o f  w a te r  o v e r  th e  i n l e t  and on 
w h e th e r th e  w a te r  s w i r ls  a b o u t th e  i n l e t .
The dow npipe i n l e t  s h o u ld  be p la c e d  a t  a d is ta n c e  le s s  
th a n  i t s  d ia m e te r  from  th e  n e a re s t v e r t i c a l  s id e  o f  th e  g u t t e r  
o r  bo x . The r e q u ir e d  i n l e t  s iz e  i s  th e n  g iv e n  by
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p ro v id e d  th a t  H i s  le s s  th a n  d 
3
M ien H i s  g r e a te r  th a n  d /3  th e  o u t l e t  a c ts  as an o r i f i c e  
and th e  i n l e t  d ia m e te r  i s  g iv e n  by
I f  th e  i n l e t  i s  a t  a d is ta n c e  g r e a te r  th a n  i t s  d ia m e te r  
fro m  th e  n e a re s t v e r t i c a l  w a l l ,  s w i r l  w i l l  o c c u r  and th e  o r i f i c e  
d is c h a rg e  w i l l  change. Thus i f  H i s  g r e a te r  th a n  d /3  and s w i r l  
i s  p re s e n t,  th e  i n l e t  d ia m e te r  i s  g iv e n  by
H i s  th e  head o f  w a te r  o v e r  th e  i n l e t  i n  m etres  
When s iz in g  an i n l e t  to  a dow np ipe le a d in g  d i r e c t ly  from  
th e  g u t t e r ,  th e  head H i s  assumed to  be e q u a l t o  th e  c r i t i c a l  
de p th  o f  f lo w .  T h is  can be assumed t o  be Y d /2 ,3  where Yd i s  
th e  peak f lo w  d e p th  w i th  f re e b o a rd  as fo un d  from  e q u a t io n s  4 ,5
The d ia m e te r  o f  th e  downpipe can bo reduced to  tw o - th i r d s  
o f  th e  e f f e c t iv e  i n l e t  d ia m e te r  p ro v id e d  t h a t  th e  t r a n s i t i o n  i s  
madu o v e r  a le n g th  o f  n o t le s s  th a n  th e  d ia m e te r  o f  th e  i n l e t .
TO DETERMINE THE SIZE OF DOWNPIPES FROM FLAT ROOFS
Where dow npipes a re  fe d  by f l a t  a re as  such as se a le d  
mombrai e r o o fs  and n o t by g u t t e r s ,  s e p a ra te  c o n s id e ra t io n s  need
d 10
11
where d i s  th e  dow npipe d ia m e te r  r e q u ir e d  in  m e tres
Q i s  th e  f lo w  r a te  t h a t  th e  dow npipe m ust c a te r  f o r  in
121
t o  be g iv e n  to  th e  e s t im o t io n  o f  th e  r e q u ir e d  s iz e  o f  downp. ,.e .
Assum ing on e f f e c t iv e  d is c h a rg e  v e lo c i t y  o f  l , 8m/S in  th e
dow npipe d u r in g  peak Flow c o n d i t io n s ,  th e  d is c u - ' -ge c a p a c ity  i s
g iv e n  by :
d = T T _ d f . 1,8 
4
i . e .  d = V O , 7070
where d i s  th e  r e q u ir e d  o u t le t  d ia m e te r  in  m e tres
Q i s  th e  d is c h a rg e  r a te  t h a t  th e  o u t le t  m ust c a te r  f o r  in
MAINTENANCE
The commonest couse o f  d ra in a g e  system  f a i l u r e  i s  th e  
a c c u m u la t io n  o f  d i r t  and d e b r is  i n  th e  d ra in a g e  c h a n n e ls . On 
b u i ld in g s  where th e  damage p o t e n t ia l  due t o  f a i l u r e  o f  d ra in a g e  
system  i s  h ig h , r e g u la r  m a in ten an ce o f  th e  d ra in a g e  c h a n n e ls  m ust 
be p e rfo rm e d .
TYPICAL EXAMPLES
S e v e ra l s im p le  exam ples a re  g iv e n  i n d i c a t in g  th e  m anner 
i n  w h ich  t h i s  m anual c —i be used t o  d e s ig n  p r a c t i c a l  r o o f  d ra in a g e  
sys te m s. I t  sh o u ld  be n o te d  t h a t  th e s e  exam ples a re  o f  an 
e le m e n ta ry  n a tu re  and t h a t  no a t te m p t has  been mode to  o b ta in  th e  
optim um  d e s ig n . In  la r g e  r o o f  d ra in a g e  system s, th e  optim um  
de s ig n  sh o u ld  a lw ays be o b ta in e d  by c o n s id e r in g  s e v e ra l a l t e r n a t i v e  
d e s ig n s  and com p aring  th e  c o s t s o f  th e s e  a l t e r n a t iv e s .
GUTTER SYSTEM FOR A RESIDENTIAL BUILDING IN  JOHANNESBURG
C o n s id e r a r e s id e n t ia l  b u i ld in g  w i th  a r o o f  system  as 
s ke tch e d  b e low .
I t  i s  r e q u ir e d  t o  d e s ig n  th e  d ra in a g e  system  f o r  t h is  
b u i ld in g .
D otm pipe p o s i t io n s , ' Assume t h a t  a e s th e t ic s  d ic ta te d  
th e  dow npipe p o s i t io n s  and t h a t  th e y  a re  as shown.
C atchm ent a re a ; Damage p o t e n t ia l  i f  o v e r to p p in g  o f  th e  
g u t te r s  o c c u rs  i s  lo w , th u s  n e g le c t w ind  e f f e c t s  and use th e  p la n  
a re a  o f  th e  r o o f  as th e  ca tchm en t a re a .
A rea  o f  r o o f  d r a in in g  in t o  g u t t e r  AB = 5 , 0 .Cos 4 0 ° .1 0  
= 3 8 ,3  m2
D esign r a i n f a l l  i n t e n s i t y ;  S in ce  damage p o t e n t ia l  i s  lo w , 
use a low  re c u rre n c e  in t e r v a l  o f  f a i l u r e  o f  sa y , 5 y e a rs .
Mean an nu a l p r e c ip i t a t io n  in  Johannesburg  = 760 m il l im e t r e s
12;
R a in f a l l  re g io n  -  summer r a i n f a l l  re g io n .
Hence d e s ig n  in t e n s i t y  from  f i g . 4 s 134 m m/hr.
= 1 3 4 .0 ,2 7 7 8 .1 0 "6»/S
= 3 7 ,2 .1 0 "6 «/S  
R e q u ire d  d is c h a rg e  c a p a c ity  o f  g u t t e r ;  T h is  i s  g iv e n  by 
3 7 ,2 .1 0 "6 .38,8m 3/S
= 1 ,442 .10 "3»3/S
S iz in g  o f  g u t t e r  AB; Assume eaves g u t te r s  o f  h a lf - ro u n d  
s e c t io n  w i l l  be used. Assume th e  g u t t e r  w i l l  be f i l t e d  t o  a f a l l  
o f  1 /6 0 0 .
The f lo w  ca p a c . ity  o f  a le v e l  g u t t e r  w i th  an o u t l e t  a t  one 
end i s  g iv e n  by
0 = O . S ^ A 1 ' 25
where x  = 10m
Thus Q = 0 ,28 6A 1 ,2 5
C o r r e c t io n  f n c to r s  to  a cco u n t f o r  v a r ia t io n s  from  th e  
s ta n d a rd  g u t t e r  can be a p p l ie d  to  th e  d is c h a rg e  c a p a c ity .  They 
a re  ( i )  g u t t e r  has s lo p e  o f  1 /6 0 0 , th u s  in c re a s e  d is c h a rg e  
c a p a c ity  by 20 p e rc e n t
( i i )  o u t le t  i s  n o t a t  end o f  g u t t e r ,  th u s  in c re a s e  d is c h a rg e  
c a p a c ity  by a f a c t o r  o f
X a 10 = 1 ,4 3
x1 7
Hence c o r r e c te d  d is c h a rg e  c a p a c ity  i s
Q = O ^ S i .A 1' 25. 1 ,2 0 .1 ,4 3
Q = 0 ,4 9 1 .A1 ,2 5  
T ry  g u t t e r  o f  d ia m e te r  = 0,10m  and A e 0,00784m 2 
Then i t s  d is c h a rg e  c a p a c ity  = 0 ,4 9 1 .0 ,0 0 7 8 4 2 ,2 ^
= 1 ,0 3 .1 0 ~ 3 m3/S
Compare t h i s  w ith  th e  r e q u ir e d  d is c h a rg e  c a p a c ity  o f  1 ,4 4 2 .1 0  ^m^/S
and i t  i s  seen t h a t  a l a r g e r  g u t t e r  i s  re q u ir e d .  
T ry  g u t t e r  o f  d ia m e te r  = 0 , 125m and A *  0,0123m ^
Then d is c h a rg e  c a p a c ity = 0 ,4 9 1 .0 ,0 1 2 3 1 ,2 5  
= 2 ,0 6 .1 0 " 3m3/S
Hence t h i s  g u t t e r  s iz e  w i l l  be ad eq ua te .
S iz in g  o f  dow np ips d r a in in g  from  g u t t e r ;  Assume th a t  
th e  o u t le t  i s  sha rp  c o rn o ro d , th e n  th e  r e q u ir e d  o u t le t  d ia m e te r
= 1 0,00 46 2
V 1,04 2
= 0 ,06 65  m etres
s 6 6 ,5  m il l im e t r e s  
The n e x t la r g e s t  s ta n d a rd  s iz e  i s  th a n  s e le c te d  f o r  use .
GUTTER SYSTEM FOR AN INDUSTRIAL BUILDING IN  PORT ELIZABETH 
C o n s id e r an in d u s t r i a l  b u i ld in g ,  h o u s in g  a m o to r c a r  
assem bly p la n t ,  as s ke tch e d  be low .




I t  i s  r e q u ir e d  t o  d e s ig n  th e  d ro ir io g e  system  f o r  t h is  
b u i ld in g .
Downpipe p o s i t io n s ;  Assume t h a t  th e  dovm pipes a re  
s i tu a te d  as shown.
C atchm ent a re a ; Damage p o t e n t ia l  i f  o v e r to p p in g  o f  th e  
g u t t e r  system  o c c u rs  i s  f a i r l y  h ig h .  I n  a d d i t io n  s tro n g  w inds 
o re  fr e q u e n t  i n  th e  P o r t  E l iz a b e th  a re a . Thus use th e  t o t a l
s lo p in g  r o o f  a re a  as th e  ca tch m e n t a re a . A rno o f  r o o f  d r a in in g
i n t o  g u t t e r  AB = 2 0 .1 0  m^
= 200 m2
D esign r a i n f a l l  i n t e n s i t y ;  S in ce  damage p o t e n t ia l  i s  h ig h  
use  o h ig h  re c u rre n c e  i n t e r v a l  o f  f a i l u r e ,  say, 50 y e a rs .
Mean an n u a l p r e c ip i t a t io n  in  P o r t  E l iz a b e th  = 580 m il l im e t r e s  
R o in f a l l  re g io n  a  y e a r -ro u n d  r a i n f a l l  re g io n .
Hgnco d e s ig n  in t e n s i t y  fro ra  f i g .  6 = 150 m /h $
= 1 5 0 .0 ,2 7 7 8 .1 0 " V s  
= 4 1 ,6 .1 0  ^m/S
R e q u ire d  d is c h a rg e  c a p a c ity  o f  g u t t e r ;  T h is  i s  g iv e n  by
4 1 ,6 .10"6 . 200 , 3/S
8,32. JUT3 «3/S
S iz in g  o f  g u t t e r  A8;  Assume t h a t  a t r a p e z o id a l  g u t t e r  
s e c t io n  w i th  e q u a l s id e  s lo p e s  w i l l  bo used and assume t h a t  th o  
g u t t e r  d is c h a rg e s  i n t o  a b o x ~ ro c e iv o r  and dow npipe and assume t h a t  
th e  g u t t e r  i s  f i t t e d  le v e l .
The r e q u ir e d  c r o s s - s e c t io n a l  a ro u  o f  g u t t e r  w ith  fre e b o a rd  
i.s g i '  en by
Assume a s id e  s lo p e  o f  60  ond base b re a d th  
b s 0 ,3 0  m e tre s , th e n
a  3 / s . s z . i o ' 3]  '  4  4  . / b . a o ) 0 ' 09
\  0 ,6 9 6 9  /  ( l , 0 4 7 2 )0 ,2 5
= 0 ,0 3 2 0  m2
Thus r e q u ir e d  de p th  o f  g u t t e r  i s  g iv e n  by 
A = Y .b  4  Y2
to n  60°
The s o lu t io n  o f  t h i s  i s  g iv e n  by Y&f 0 ,1 0  m etres  
S iz in g  o f  b o x - ro c e iv o r  from  g u t t e r ;  The minimum w id th  o f  
th e  r e c e iv e r  i s  g iv e n  by
b +  2 . Y / to n  6 0 ° = 0 ,3  +  2 .0 ,1 3 /1 ,7 3  m o ttos
a 0 ,4 5  m o tros  
The f lo w  d e p th  o t  g u t t e r  o u t l e t ,  Yo = Y d /2 ,3
= 0, 1/ 2,3  m o lro s  
= 0 ,0 4 3 5  m e tros  
Assume t h a t  th e  d r iv in g  hood o f  w a te r  i n  th e  box,
HD s  0 ,0 5  m o tro s , th o n  th o  f a l l  fro m  th e  g u t te r  to  
th e  s u r fa c e  o f  th e  w a te r  i n  th o  box i s  g iv e n  by
12?
F = Yo +  2 HD 
3
= 0 ,0 4 3 5  +  0 ,03 33  m etros
= 0 ,0 7 6 8  m etres
Hence minimum box le n g th ,  Lb =
1,1) =ZV7i,~0766.0,0435'
Lb = 0 ,1 0 6  m etres
Say L b 0 ,1 1 0  m etros  
S iz in g  o f  dow np ipo from  b o x - rc c u iv t - r ;  Assu.:.' uhat th e  
dow npipe i s  s i tu a te d  a t  a d is ta n c e  le s s  Hum i t s  d ia m e i> v  from  
th e  n e a re s t v e r t i c u l  w a l l  o f  th e  box.
Thus i f  H < d /3  th e n  th e  do n p ip o  s t.-e  i s  g iv e n  by
cf » 0 ,1 3 4  m e tres
The n e x t la r g e s t  s ta n d a rd  dow np i|io  s iz e  i s  th e n  s e le c te d  
f o r  use. The d ia m e te r  o f  th e  dow npipo may bo reduced to
d 9
I n  t h is  in s tn n c o II I .. 0 ,0 5  m e tres  and
d 0 ,1 3 1  m n lrus  
b u t ^  d /3  th u s  th e  above fo rm u lu  does n o t h o ld .  In  
t h i s  in s ta n c e  th e  dow npipo s iz e  i s  g iv e n  by
i . e .  d
d 10
2 /6  . 0 ,1 3 4  m e tres  in  d io m u to r  p ro v ic lo d  ll io L  th is  t r a n s i t i o n  
o c c u rs  o v t ir  a d is to n u u  o f  noi. In s :; I iiu n  tin- dow np ipo d ia m e te r .
GUTTER SYSTEM FOR, SAY, AN ART GALLERY
Seepage o f  w a te r  i n t o  a b u i ld in g  such as an a r t  g a l le r y  
w ou ld  have d is a s t r o u s  e f f e c t s ,  th u s  th e  p o s s i b i l i t y  o f  f a i l u r e  
o f  th e  g u t t e r  system  can no t be t o le r a te d .  In  such an in s ta n c e  
th e  t o t a l  r o o f  a re a  wou ld bo used as th e  ca tchm en t a re a  and a 
re c u rre n c e  i n t e r v a l  o f  f a i l u r e  o f  100 y e a rs  w ou ld be used. In  
a d d i t io n  s a fe ty  fa c to r s  s h o u ld  b» a p p l ie d  to  th e  g u t t e r  c ro s s -  
s e c t io n a l  a re a .
APPENDIX A
TABLES OF RAINFALL INTENSITY "ALUES AS ABSTRACTED FROM 
FIGURE 2 AND TYPICAL CURVES USED TO OBTAIN THE FIVE MINUTE 
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DERIVATION OF THE NUMERICAL INTEGRATION EQUATI 'N FOR SPATIALLY 
VARIED FLOW
In  d e r iv in g  th e  n u m e r ic a l i n t e g r a t io n  e q u a tio n  th e  
a ssu m ptio ns  a re  as o u t l in e d  in  C h a p te r  3 , page 19 and th e  f lo w  
s i t u a t io n  i s  as shown in  F ig u re  7 .
C o n s id e r F ig u re  7 . Energy lo s s e s  ar<3 h ig h  and th u s  
momefitum c o n s id e ra t io n s  a re  a p p l ie d .  C o n s id e r  th e  momentum p e r  
u n i t  t im e  o r  momentum f l u x  p a s s in g  s e c t io n ! .  T h is  e q u a ls  Q /, V 
where Q and V a re  th e  d is c h a rg e  and a ve rage v e lo c i t y  a t  s e c t io n
1 . O r w r i t t e n  i n  a n o th e r  fo rm  y  V Q
S im i la r l y  th e  momentum f l u x  a t  s e c t io n  2 i s  % (Q + dQ )(V  +  d V) 
where dQ and dV a re  th e  changes in  d is c h a rg e  and v e lo c i t y  between 
s e c t io n s  1 and 2 . The change o f  momentum f l u x  be tw een s e c t io n s  
1 and 2 i s  th u s : -
X  (5 + dO)(V + dV) -  _ X  QV = _ X  (QdV + (V + dVJdQ)
T h is  r a te  o f  change o f  momentum i s ,  a c c o rd in g  t o  Newton I I ,
equa ted t o  th e  fo rc e s  ca u s in g  i t .  These fo rc e s  a re  th e  f r i c t i o n a l  
fo rc e  F f ,  th e  p re s s u re  fo r-.'r  s F^ and F^ and th e  com ponent o f  th e  
s e c t io n s  own w e ig h t i n  th e  d i r e c t io n  o f  f lo w ,  w \
The v a lu e s  o f  th e s e  fo rc e s  a re  as fo l lo w s :
L e t  W be th e  w e ig h t o f  th e  body o f  w a te r  between th e  s e c t io n s .
Then th e  component o f  W in  th e  f lo w  d i r e c t io n  i s  W s in d , where
143
©  = c h ' • le l  s lo p e  and W s in & =  ( a  + |d A  )d x .S o  
i . e .  A d x .  So
w here  So = ta n B  <4* s in 9  and 2nd o rd e r  te rm s  a re  n e g le c te d .
The drop in  f r i c t i o n  head between th e  tw o s e c t io n s  i s  e q u a l 
to  th e  s lo p e  o f  th e  e n e rg y  l i n e ,  S f ,  m u l t i p l i e d  by th e  s e c t io n  
le n g th ,  d x , o r  h f  = S f . dx  where S f  may, by assu m p tio n , be 
e v a lu a te d  by th e  M anning e q u a tio n  as
S f = V^n^ = 5 ^n ^___  where th e  b a r  r e fe r s  to  mean v a lu e s .
A # "
The f r i c t i o n a l  fo rc e  a lo n g  th e  ch a n n e l f l o o r ,  F f , i s  th en  
e q u a l to  th e  e q u iv a le n t  p re s s u re  due t o  th e  f r i c t i o n  head lo s s  
m u l t i p l i e d  by th e  ave rage a re a .
i . e .  F f = h f  y ( A  +  -fdA)
= S f . dx . y .  (A  +  &dA) 
n e g le c t in g  2nd o rd e r  te rm s  F f  = S f . d x . ^ A  where S f i s  as shown above.
The p re s s u re  fo rc e  on s e c t io n  1 , F ^, i s  th e  p re s s u re  a t  th e  
c e n t r o id  o f  s e c t io n  1 m u l t i p l i e d  by th e  a re a . S im i la r ly  th e  
p re s s u re  fo rc e  on s e c t io n  2 , F^, i s  th e  p re s s u re  o t th e  c e n tr o id  
o f  s e c t io n  2 m u l t ip l ie d  v /  th e  a re a  o f  s e c t io n  2 . (se e  F ig . 15 b e lo w )-
Fg = y ( z  +  d y ) A +  %  d Ady
o r  n e g le c t in g  2nd o rd e r  te rm s
F2 = y ( z  + dy )A
The r e s u l t a n t  h y d r o s ta t ic  p re s s u re  fo rc e  a c t in g  on th e  f r e e  body 
betw een s e c t io n s  1 and 2 i s  th u s :  F ^ - F g  = - dy
A p p ly in g  Newton I I  to  th e  f r e e  body g iv e s :
X  (<MV + dQ(V + dV )) = F j  -  F2 -  M1 +  F f
= -  / A  dy -  Adx So +  S fd x  2CA 
C o n s id e r in g  th e  d i f f e r e n t i a l s  as s m a ll f i n i t e  in c re m e n ts , th e  
e q u a tio n  may be r e w r it te n
X  ( Q A V  +  A Q (V  + A V ) ) =  - i f  K d y  -  ^  So Ta Jx + Y S f  T A d x
s 9/ 3/ 2/
= -  i f  A A y  -  ^fSo A a x + ^ S f  A a x
where A i s  th e  ave rage a re a .
S inccr th e  d is c h a rg e  v a r ie s  w i th  th e  f i n i t e  in c re m e n t o f  th e  
ch a n n e l !<• tg th ,  th e  ave rage a re a  may be ta ke n  a s : -





i . e . A y  =
i . e . A y  =
-S o -ax +  S f a x - J L ^ A V + A Q V J  
Ag
 a -So a x  + SfAx - AV  +AQ
R e fe r r in g  t o  F ig .7 , i t  i s  seen t h a t  th e  change in  w a te r  s u r fa c e  
e le v a t io n  between s e c t io n s  1 and 2 i s  g iv e n  b y :~  
d y^  = ya + Sodx -  y ]
= Sodx + dy
When dy^ i s  th e  in c re a s e  in  de p th  from  1 t o  2 
C o n v e r tin g  to  f i n i t e  in c re m e n ts ;
A y *  b Sodx + A y
S u b s titu t in g  fo r  Ay in  the equation fo r  A y above and 
in tro d u c in g  the energy c o rre c tio n  fa c to r  f o r  non-uniform  v e lo c ity  
d is t r ib u t io n e t ,  g iv e s :-
T h is  e q u a tio n  i s  th e  n u m e r ic a l e q u a tio n  used t o  d e te rm in e  th e  
w a te r  s u r fa c e  p r o f i l e  i n  a s p a t ia l l y  v a r ie d  f lo w  s i t u a t io n .  On 
th e  r i g h t  hand s id e  o f  th e  e q u a t io n , th e  f i r s t  te rm  re p re s e n ts  
th e  e f f e c t s  o f  f r i c t i o n ,  w h i le  th e  second te rm  r e p re s e n ts  th e  
e f f e c t s  o f  im p a c t lo s s ,  tu rb u le n c e  e t c .
APPENDIX C 
DETAILS OF ALL COMPUTER PROGRAMMES USED
PROGRAMME TO CALCULATE THE END DEPTH IN  
HALF-ROUND GUTTERS
NAME: GUT 2
OBJECT: To c a lc u la te  th e  end de p th  in  h a lf - ro u n d  g u t te r s
INPUTS: G u t te r  ra d iu s  R
O u tp u t code K
G u t te r  le n g th  X
G u t te r  d is c h a rg e  r a te  Q
OUTLINE OF COMPUTATIONAL METHOD:
The end d e p th  i s  e q u a l t o  0 ,7 1 5  t im e s  th e  c r i t i c a l  
d e p th . The c r i t i c a l  de p th  i s  fo un d  u s in g  th e  i d e n t i t y : -
5 = 1 when f lo w  i s  c r i t i
i . e . V c r2
g
= A = Ym 
8
where V c r = c r i t i c a l  v e lo c i t y
A = are a  o f  f lo w
B = w id th  o f  w a te r  s u r fa c e
Ym = mean f lo w  depth
To d e te rm in e  th e  c r i t i c a l  d e p th , an e s t im a te  o f  th e  
c r i t i c a l  d e p th  i s  made and e q u a tio n  C . l  checked . I f  th e  tw o 
s id e s  o f  th e  e q u a tio n  a re  n o t t o  w i t h in  th e  s p e c i f ie d  a ccu ra cy , 
th e  c r i t i c a l  d e p th  i s  re -e s t im a te d  and th e  p ro ce ss  re p e a te d  
u n t i l  th e  r e q u ir e d  a ccu ra cy  i s  o b ta in e d .
OUTPUTS: O u tp u t Cods 1 -  th e  v a lu e s  o f  th e
v a r ia b le s  a f t e r  each i t e r a t i o n  a re  p r in te d  o u t
O u tp u t Code K = 1 -  th e  f i n a l  r e s u l t s  o re
and Ym a re  p r in t e d  o u t .
C a l ib r a t io n  o f  Programme
The fo l lo w in g  v a r ia b le s  were fo u n d , by t r i a l  and e r r o r ,  
t o  g iv e  th e  b e s t r e s u l t s ;
( i i )  A ccu ra cy  l i m i t s  o f  e q u a t io n — 0 ,0 0 1  m e tres
( i i i )  In c re m e n ts  to  i n i t i a l  e s t im a te  o f  d e p th -0 ,0 0 1  m e tre s
L im its  P la ced on Programme
I f  th e  number o f  i t e r a t i o n s  exceeds 40 th e  programme s to p s . 
G eom etry and Symbols
p r in t e d  o u t .  Tne c r i t i c a l  d e p th , end d e p th , and v a lu e s  o f  V c r^ /g
( i )  I n i t i a l  e s t im a te  o f  f lo w  de p th
P L O W  C U A P T  F O R  G O T .  2
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PROGRAMME TO CALCULATE THE WATER SURFACE 
PROFILE IN  HALF-ROUND GUTTERS
NAME: GUT 3
OBJECT: To c a lc u la te  th e  w a te r  s u r fa c e  p r o f i l e  i n  h a lf - ro u n d
g u t te r s ,  g iv e n  th e  de p th  and d is c h a rg e  r a te  a t  o u t l e t .
In p u ts :  G u t te r  r a d iu s  R
Number o f  s ta t io n s  NT
O u tp u t code K
G u t te r  le n g th  X
In c re m e n t t o  e s t im a te d  de p th  i f  re q u ire d  
a ccu ra cy  i s  n o t o b ta in e d  DEL
L im i ts  w i t h in  w h ich  th e  e s t im a te d  and 
c a lc u la te d  f lo w  d e p ths  m ust ag ree  ACC
D isch a rg e  r a te  a t  o u t le t  Q ( l )
F low  depth  a t o u t l e t  Y ( l , l )
O u t l in e  o f  C o m p u ta tio n a l Method
The de p th  a t  th e  o u t le t  ( s t a t io n  l )  i s  g iv e n . An
e s t im a te  o f  th e  change in  f lo w  d e p th  from  s ta t io n  one to  tw o i s  
made. U s ing  th e  e s t im a te d  f lo w  de p th  a t  s ta t io n  tw o and th e  
H in d s  e q u a t io n , th e  change in  f lo w  d e p th  from  s ta t io n  one t o  two 
i s  c a lc u la te d .  The e s t im a te d  and c a lc u la te d  f lo w  d e p th s  a re  
com pared. I f  th e y  do n o t ag roe  to  th e  s p e c i f ie d  a c c u ra c y , th e  
chango  i n  f lo w  de p th  fro m  one to  two i s  re -e s t im a te d  and th e  
p ro ce ss  re p e a te d  u n t i l  th e  re q u ire d  a ccu ra cy  i s  o b ta in e d . T h is  
w i l l  d e f in e  th e  f lo w  d e p th  a t  s ta t io n  tw o .
151
T h is  i t e r a t i v e  p ro ce ss  i s  th e n  re p e a te d  fro m  s ta t io n  two 
to  th re e  e t c . , u n t i l  th e  w a te r  s u r fa c e  p r o f i l e  i n  th e  g u t t e r  i s  
d e f in e d ,
OUTPUTS:
Code K ^ l  -  th e  v a lu e s  o f  e v e ry  i t e r a t i o n  a t  e v e ry  s ta t io n  
a re  p r in t e d  o u t
Code K e 1 -  th e  f i n a l  v a lu e s  a t  each s ta t io n  a re  g iv e n .
These in c lu d e :
S ta t io n  number
d is ta n c e  upstream  from  dow npipe 
d is c h a rg e  r a te  a t  s ta t io n  
c a lc u la te d  in c re m e n t i n  de p th  from  p re v io u  
s ta t io n
assumed in c re m e n t i n  d e p th  fro m  p re v io u s  
s ta t io n  
f lo w  de p th  
L im i ts  p la c e d  on programme
The maximum number o f  i t e r a t i o n s  a t  any s ta t io n  i s  f o r t y
P rob lem s a s s o c ia te d  w ith  programme and c a l i b r a t io n  o f  
v a r ia b le s :
The programme was fo u n d  to  be v e ry  s e n s i t iv e  t o  th e  
r e la t iv e  v a lu e s  o f  th e  a ccu ra cy  l i m i t  (ACC) and th e  de p th  in c re m e n t 
(D E L); I f  th e  d e p th  in c re m e n t v a lu e  was much la r g e r  th a n  th e  
a ccu ra cy  l i m i t ,  th e  programme 1 jum ped' p o s t th e  t r u e  de p th  va lu e  





D E L Y A S (M )
Y (N ,J )
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a c c u ra c y . The programme th e n  o s c i l l a t e d  a b o u t t h is  v a lu e , n e ve r 
c o n v e rg in g . On th e  o th e r  hand i f  th e  d e p th  in c re m e n t v a lu e  was 
much s m a lle r  th a n  th e  a ccu ra cy  l i m i t  th e  fo l lo w in g  o c c u r ro d :
A f t e r  a b o u t fo u r  s ta t io n s  th e  e s t im a te d  d e p th  was a lw a ys g r e a te r  
th a n  th e  t r u e  d e p th , th u s  th e  programme a lw ays con verg ed on th e  
t r u e  w a te r  s u r fa c e  p r o f i l e  from  th e  up p e r s id e .  I f  th e  de p th  
in c re m e n t v a lu e  was much s m a lle r  th a n  th e  a ccu ra cy  v a lu e , +he 
c a lc u la te d  w a te r  s u r fa c e  p r o f i l e  a lw a ys  la y  s l i g h t l y  above th e  
t r u e  p r o f i l e .  The e r r o i  in c u r r e d  a t  each s ta t io n  a ccu m u la ted , 
r e s u l t in g  in  an o v e re s t im a te  o f  poak d e p th  o f  a b o u t 20 p e rc e n t.  
T h is  s i t u a t io n  i s  s ke tche d  be low
calculac&d proFilo.
t r u e  profile.
Thus a c o r e f u l l  b a la n ce  had to  bo m a in ta in e d  between th e  
de p th  in c re m e n t and a ccu ra c y  v a lu e s .  I t  was fo u n d  t h a t  b o th  th e  
above e f f e c t s  w ere  e l im in a te d  i f  th e  d e p th  in c re m e n t was tw ic e  
th e  a ccu ra cy  v a lu e  (DEL = 2 x  ACC). T h is  a llo w e d  convergence 
and o ls o  caused th e  c a lc u la te d  w a te r  s u r fa c e  p r o f i l e  to  o s c i l l a t e  
on e i t h e r  s id e  o f  th e  t r u e  p r o f i l e  p re v e n t in g  a c c u m u la t io n  o f  e r r o r .  
The v a lu e s  t h a t  gave b e s t r e s u l t s  wore 
DEL = 0 ,0 0 1  m e tres  
ACC = 0 ,0 0 0 5  m e tres
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Number o f  S ta t io n s
NT = 20 o r  m ore, b u t 20 i s  adequate
Geom etry and Symbols 
as f o r  GUT 2
F L O W  CUA RT FOP. CUT. 3
S t a r t
^  / I s  csKroa-l-5d ^  
!” <C \r« £ \o < z -  - \ c o
C o m p a r e  ^ t i m a r t e d  









R e s u lts  o f  GUT 3 f o r  h a l f - ro u n d  g u t te r s  s ta r t in g  
w i th  end de p th  Ye, a t  th e  o u t le t
g u t t e r  r a d i u s ”  . u / u /u u  
g u t t e r  1ength=u.OUuUOO
o u t f i  c>w a t  d , p .  = .0015' . .40
no.  o f s t a t i o n s ”  z l d e t =  .U01 Uac c“  .uOOo d ep th  a t  d.
s t a t i c >n no.  d is dp d e l y d et ya s
. u 0 1 2 du .030 82 3 .0 31 00 0 .0 6 4 50 0
.Ul l ) .0 01 22 8 .0 00 90 0 .0 01 00 0 .0 5 5 50 0
.0 14 .001 15 0 .0 00 78 5 .0 01 00 0 .0 5 4 50 0
1 . Z 1 9 . U Oi l 's 1 .0 0 0 0  83 .0 0 1 0 0 0 ,0 3 7 50 0
1 . 5 Z 4 . 0 u 1 0 z .v .00 0 59 3 .0 01 00 0 .0 58 50 0
l . b Z s .0 0 0 8b: .00 0 51 3 .0 01 00 0 .0 59 50 0
2 . 1 5 4 .00 0 88 7 .0 0 0 40 8 * . 0 0 0 0 0 0 .0 59 50 0
z .4 3 8 .000 61 8 .0 0 0 37 0 * . 0 0 0 0 0 0 .0 5 9 5 0 0
2 . 7 4 3 .000 75 0 .0 00 35 4 * . 0 0 0 0 0 0 .0 59 50 011
12
5.U4S .0 00 08 2 .00 0 29 8 * . 0 0 0 0 0 0 .0 59 50 0
g u t t e r  r a d i u s ” vd’/u/iOO 
g u t t e r  1en g t h = u . UduUUO 
o u t f l o w  a t  d . p U l U S i t i U
n o . o f  s t a t i o n s ”  z l  d a l =  . 00 10 ac c= . dOOddepth a t  d . p . =  .0 27 00 0
s t a t i o n  no. d is dp d is ch d e l y
.3 0 ) .001 72 7 .0 34 25 1 . 034000 .0 6 3 00 0
5 .u lU .0 01 43 6 .0 01 02 0 .0 01 00 0 .0 6 4 00 0
4 .9 14 . 0 0 1 ) 4 ) .000 89 9 .0 01 00 0 .0 6 5 00 0
5 1 . 2 1 9 .0 01 45 4 .000 79 1 .001 00 0 .0 4 6 00 0ti 1 . 5 2 4 .001 34 3 .000 69 4 .001 00 0 .0 6 7 00 0
7 1 . 8 2 9 .001 27 5 .000 60 7 .0 01 00 0 .0 4 8 00 0
8 z .154 .001 18 2 .0 00 52 9 .0 01 00 0 ,0 68 99 9
2 . 4 3 8 .001 09 1 .000 42 9 * .0 0 0 0 0 0 .068 99 9
10 z .7 4 3 .001 00 0 .0 00 38 7 * . 0 0 0 0 0 0 .068 99 9
11 5 .048 .000 90 9 . 0 0 0 3 4 / * . 0 0 0 0 0 0 .068 93 9
12 3 . 3 ) 3 .U0U818 .0 00 30 7 * . 0 0 0 0 0 0 .06 8 99 9
13 3 . 4 5 8 .000 72 7 .0 00 27 0 * .0 0 0 0 0 0 .0 68 99 9
14
g u t t e r  r a d i u s ”  .U762U0  
g u t t e r  1e n g t h = u . UuuUOu 
o u t f l o w  a t  d . p . V 0 2 2 7 j 0t t i  t  a 
n o . o f  s t a t i o i
, .  - .  uu/.z I
d e l ” . QOlOacc” . uOOSdePth a t  d,
s t a t i o n  no. d 1 sch d e i y
.5 4 ) .402 15 9 .0 4 0 29 9 .040 00 0 ,07 0 30 0
.u l O .00 2 04 6 ,1.01147 .001 00 0 .1)71300
.001 01 9 .001 00 0 .0 72 30 0
1 * 219 I 0 J I 8 I 8 .0 0 0 90 4 .001 00 0 .0 73 30 0
1 .  )  2 If .00 1 70 6 .0 0 0 79 3 .001 00 0 .074 30 0
.001 59 1 .00 0 70 3 .0 0 1 00 0 .0 7 5 3 0 0
.001 47 7 . 0 0 0 6 1 / .0 0 1 00 0 .074 29 9
l \ 458 .001 36 4 .00 0 53 8 .UOIOOO .077 29 9
10 2 . 7 4 5 .0 01 25 0 .0 00 44 2 * . 0 0 0 0 0 0 .0 77 29 9
5 . 0 4 2 .0 0 1 1 ) 6 .0 00 39 6 * . 0 0 0 0 0 0 .07 7 29 9
.0 0 1 0 2 : .000 35 2 W.UOOOOO .077 29 9
15
14
3 . . . J .0 0 0 ) 0 0 .0 00 50 9 * . 0 0 0 0 0 0 .077 29 0
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R e s u lts  o f  GUT 3 f o r  h a l f - ro u n d  g u t te r s  s to r t in g  
w i th  c r i t i c a l  de p th  a t  o u t le t  and n = 0 ,0 1 4
" i i t t n v  rn - 'f i i: ;"  . 
irut t n r  1 n n"l:h = ri . rv ’ n 
oxv n t  1, i ' .«  
n .o *  5 t n t ,|->nn“ V n!> l l>;7ccn .aOOS-JeDth n%
'r» •1< . ic 1; • In ly
. ^ 3 0 4 4. :n 5 .• ’ 7 1 4 -2
3 ." 7 1 1 1 3 .1 .-10 21
4 . ’ 14 ,n n  ’ 111 . 11101.7
!: l . l l i .1 7  '- 1 4 . 1-1101:-
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7 .1 1 7 .4 4 - '7 3 4
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11 7 / ' i n / m 2 1 7
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. m v i ir ; 7 .1 7  r-
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ooiom,
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00n oon
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PROGRAMME TO FIND THE WATER SURFACE PROFILE 
IN  RECTANGULAR GUTTERS
NAME: GUT 6
OBJECT: To d e te rm in e  th e  w a te r  s u r fa c e  p r o f i l e  i n  r e c ta n g u la r
g u t te r s  g iv e n  th e  d is c h a rg e  r a te  a t  o u t le t
The re m a in in g  in p u ts  -  as f o r  GUT 3 
O u t l in e  o f  Programme
The programme i s  th e  same as GUT v e x c e p t t h a t  th e  s t a r t in g  
de p th  o t  s t a t io n  one (e q u a l to  th e  c r i t i c a l  d e p th )  i s  c a lc u la te d  
by th e  programme 
G e n e ra l
A l l  o th e r  fa c e ts  o f  t h i s  programme a re  th e  some as GUT 3
In p u ts :  Base b re a d th B
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PROGRAMME TO DETERMINE THE DESIGN DEPTH 
IN  RECTANGULAR GUTTERS
NAME: CRECTI
OBJECT To e s t im a te  th e  d e s ig n  d e p th  in  r e c ta n g u la r  g u t te r s
f o r  v a r io u s  g u t t e r  le n g th s  and in f lo w  ra te s
Checks
The v a l i d i t y  o f  th e  programme was checked by com paring
th e  peak d e p ths  w i th  th o  ..c c a lc u la te d  by GUT 6 . B o th  th e s e ’ peak 
d e p th s  were com pared w i th  th e  L i  e x p e r im e n ta l peak d e p th s . See 
T a b le  31
In p u ts :  G u t te r  base b re a d th  B
Number o f  s ta t io n s  NT
O u tp u t code K
In f lo w  p e r  u n i t  le n g th  t o  g u t t e r  INF
G u t te r  le n g th  X
O u t l in e  o f  Programme
F o r p a r t i c u la r  in f lo w  and le n g th  v a lu e s , th e  c r i t i c a l  
d e p th  c t  o u t le t  i s  c a lc u la te d .  T h is  i s  used as th e  s t a r t in g  
d e p th  in  th e  H ind s  a n a ly s is .  The w a te r  s u r fa c e  p r o f i l e  i n  th e  
g u t t e r  i s  c a lc u la te d  in  th e  manner d is c u s s e d  in  A p pe nd ix  B. ( i . e .  
th e  same approach os adop ted in  GUT 3 ) .  Once th e  w a te r  s u r fa c e  
p r o f i l e  has been c a lc u la te d ,  th e  upstream  de p th  i s  a b s tra c te d . 
T h is  i s  th e  peak de p th  and th e  d e s ig n  d e p th  i s  o b ta in e d  by 
ad d in g  th e  f re e b o a rd  to  i t .  A rough che ck  on th e  d e s ig n  de p th  
so c a lc u la te d  i s  o b ta in e d  by m u l t ip ly in g  th e  c r i t i c a l  de p th
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by V T ( f o r  on e x p la n a t io n  see C h a p te r 6 ) .
O u tp u ts :
Code K = 1 -  v a lu e s  o f  a l l  v a r ia b le s  a f t e r  e v e ry  i t e r a t i o n  
a t  e v e ry  s ta t io n  a re  g iv e n  
Code K = 2 -  f i n a l  v a lu e s  o f  v a r ia b le s  and f lo w  d e p th s  
a re  g iv e n  o t each s ta t io n  
Code 2 -  th e  v a lu e s  a t  th e  l a s t  up strea m  s ta t io n  are 
g iv e n . These in c lu d e /
G u t te r  le n g th X
c r i t i c a l  f lo w  depth Y ( l , l )
V ?  t im e s  c r i t i c a l  f lo w  depth YUPS
peak f lo w  depth Y (N T ,J )
peak f lo w  a rea a ( n t , u )
d e s ig n  f lo w  depth YFIN
d e s ig n  f lo w  area AFIN
L im i t s  p la ce d  on programme
The maximum number o f  i t e r a t i o n s  a t any s ta t io n  i s  40 . 
Prob lem s a s s o c ia te d  w ith  programme
Same prob lem s as f o r  GUT 3 and in  a d d i t io n  a f u r t h e r  
p ro b le m  o c c u rre d  when a n a ly s in g  la r g e  g u t te r s  w i th  la r g e  in f lo w  
r a te s .  In  such g u t te r s  th e  de p th  change between s ta t io n s  a t  th e  
f i r s t  few  s ta t io n s  i s  la r g e .  I f  th e  v a lu e s  o f  a cc u ra c y  bounds 
(ACC) and assumed de p th  in c re m e n t (DEL) as used f o r  s m a lle r  
g u t te r s  a re  used w i th  th e se  la r g e  g u t t e r s ,  th e  programme w i l l  n o t 
con ve rg e  in  40 i t e r a t i o n s .  Hence/
174
f o r  g u t te r s  o f  base b re a d th  g r e a te r  th a n
0,3m  use ACC = 0 ,0 0 im a tre s
DEL = 0 ,0 0 2 tM trs s
f o r  s m a lle r  g u t te r s  use ACC = 0,0 00 5 m e tres
DEL = ,0 0 1  m e tres  
I n  a l l  in s ta n c e s  i t  was fo un d  t h a t  tw e n ty  one  s ta t io n s  gave 
ad eq ua te  r e s u l t s ,  i . e .  NT = 21 .
TABLE 31 : COMPARISON OF L I ’ S RESULTS WITH OUTPUTS 
OF GUT 6 AND CRECTI
CHANNEL 
LENGTH 
in  m etres
DISCHARGE PEAK DEPTH 
RATE m V 'S  AFTER L I 
i n  m e tres
PEAK DEPTH 
FROM GUT 6 
in  m e tres
PEAK DEPTH 
FROM CRECTI 
i n  m e tres
2 ,2 8 6 0 ,06060 0 ,33 83 0 ,33 66 0 ,33 65
2 ,28 6 0,08665 0 ,4 2 6 7 0 ,4 2 7 4 0 ,42 79
1 ,71 6 0 ,02492 0 ,1 8 9 0 0 ,18 65 0 ,1 8 6 4
1 ,33 5 0 ,05380 0 ,3 3 5 3 0 ,3 0 9 9 0 ,31 14
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PROGRAMME TO DETERMINE THE DESIGN DEPTH IN 
TRAPEZOIDAL GUTTERS WITH EQUAL SIDE SLOPES
NAME: TRAP
OBJECT: To d e te rm in e  th e  d e s ig n  d e p th  in  t r a p e z o id a l  g u t te r s
w i th  e q u a l s id e  s lo p e s  f o r  v a r io u s  g u t t e r  le n g th s  and 
in f lo w  r a te s .
C hecks: A s id e  s lo p e  v a lu e  o f  9 0 °  was used and th e  r e s u l t s  o f
th e  programme w ere checked a g a in s t th e  o u tp u ts  o f  th e  re c ta n g u la r  
g u t t e r  program m e, CRECTI. The com parison i s  seen in  T a b le  32 
In p u ts :
G u t te r  base b re a d th B
G u t te r  s id e  s lo p e  in  degrees SS
Number o f  s ta t io n s NT
O u tp u t code K
In f lo w  p e r  u n i t  le n g th  t o  g u t t e r INF
G u t te r  le n g th X
O u t l in e  o f  Programme:
F o r  p a r t i c u la r  in f lo w  and le n g th  va lu e s  th e  c r i t i c a l  
d e p th  a t  th e  o u t l e t  i s  f i r s t  c a lc u la te d .  T h is  i s  done by an 
i t e r a t i v e  p ro ce ss  as f o l lo w s ;  An e s t im a te  o f  c r i t i c a l  de p th  i s  made, 
and th e  e x p re s s io n s  V c ^ /g  and Ym (se e  d is c u s s io n  on GUT 2) 
a re  c a lc u la te d  and com pared. I f  th e s e  e x p re s s io n s  
do n o t ag ree to  th e  r e q u ir e d  a cc u ra c y  th e  c r i t i c a l  de p th  i s  r e -  
e s t im a te d  and th e  e x p re s s io n  r e c a lc u la te d .  In  t h i s  manner th o  
c i ' i t i c t l  d e p th  i s  d e te rm in e d . T h is  i s  th e n  used os th e  s t a r t in g
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d e p th  in  th e  H ind s  a n a ly s is  and th e  w a te r  s u r fa c e  p r o f i l e  i s  
d e te rm in e d  in  th e  manner o u t l in e d  as f o r  GUT 3 . The peak de p th  
i s  a b s tra c te d  from  th e  p r o f i l e  and th e  f re e b o a rd  o Ided to  o b ta in  
th e  d e s ig n  d e p th  and hence d e s ig n  a re a  o f  g u t t e r .
O u tp u ts ;
Code, K = 1 -  v a lu e s  o f  a l l  v a r ia b le s  a f t e r  e v e ry  
i t e r a t i o n  a t  e v e ry  s ta t io n  a re  g iv e n  
Code, K = 2 -  f i n a l  v a lu e s  o f  v a r ia b le s  and f lo w  d e p ths
a re  g iv e n  a t  each s t a t io n .  These f lo w
d e p th s  d e f in e  th e  w a te r  s u r fa c e  p r o f i l e .
Code, K > 2  -  th e  va lu e s  a t  th e  l a s t  up strea m  s ta t io n
a re  g iv e n . These in c lu d e ;  
le n g th  X
c r i t i c a l  de p th  a t  o u t le t  YCRIT
peak de p th  Y (N T ,J )
peak a re a  A (N T ,J )
d e s ig n  d e p th  YFIN
d e s ig n  a re a  AFIN
L im i ts  p la c e d  on programme;
The maximum number o f  i t e r a t i o n  a t  th e  o u t le t  when
d e te rm in in g  th e  f lo w  de p th  i s  i l ' t y
The maximum number o f  i t e r a t io n s  a t  any p a r t i c u la r  s ta t io n
i s  f o r t y .
P rob lem s a s s o c ia te d  w i th  program m e:
Some pro b lem s as f o r  GUT 3 and CRECTI and i n  a u d i t io n  i t
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wos fo u 'id  t h o t  convergence on th e  c r i t i c a l  d e p th  a t  th e  o u t le t  
was s lo w . Thus i t  v v .  ne cessa ry1 to  a l lo w  a t  l e a s t  s i x t y  i t e r a t i o n s  
a t  th e  o u t le t  when d e te rm in in g  th e  c r i t i c a l  d e p th .
The v a lu e s  o f  a ccu ra cy  l i m i t  and d e p th  in c re m e n t th a t  
gave b e s t r e s u l t s  w e re :
DEL « 0,002m 
ACC = 0,001m
I t  was fo un d  t h a t  21 s ta t io n s  w ere ad eq ua te , i . e .  NT = 21
Geom etry
SS i s  i n  de g re e s , w h ile  SSR i s  th e  v a lu e  o f  SS in  r a d ia n s .
TAsK.E 32 COMPARISON BETWEEN OUTPUTS OF 
TRAP AND CRECTI
BASE BREADTH 
in  m etres
INFLOW RATE 
i n  m V  S
LENGTH 
ir t  m etres
PEAK DEPTH 
FROM T '\P  
in  m e tres
PEAK DEPTH 
FROM CRECTI 
in  m e tres
0 ,3 0 ,0 1 10 0 ,40 46 0 ,4 0 6 2
0 ,3 0 ,00 5 20 0 ,42 06 0 ,4 1 9 2
0 ,2 0,00 03 25 0,11 13 0,11 13 3


























m m  
! m m
*i
u m i [














IB  i IBS
Hil I IE











i m  I





i m m .  H m L  im m






5, - r .  '.k












Is i# ;#  i = m m  ;
I E 5 .......... i
. L
?



























, i m | 5
j
m l 1 mm
i  [ 1 u m i  1 I
.......... E s
1 mm l s mm
I 1 m ; ;
1
i ?
5 ia:;-;:s I LCWlij
: j :  j : j  j j j j  j j j  j :  j j j j  j :. j j j j  j j  j j  j j j j j j j j j j j j j j j
222
mm i
! i i i












j j : ' :  j j j  j  j j j :  j  j j

« i i H  L i l l l !  i
f m .
5 i 1
^   ^ # !
< if
228
* ? S51 35 j1
i : .iiSI: 5 1 5i ! 5 !!Eti im i :f 1= i T'*'"’ 5 ii • Am# g1 EIfi
i U I :
0 1




















J J J J J J J J J J J J J J J J J
i t
= !=% % = SI;l i i;




 ^ ' i ; ; ;










V y i \ V :  i
232










I i l i
m m  
m i#
- ' d E c ^ .
?

= « ,  1 
H i®  I
j
I
* IIW I I #
I  s ;3 2 %
m m
; s s % s
*













s; i i l i i  i
i i S f S l
i 1 
;









#  i.m m  G
= ; '  1 ................  5
:  r -5 7 v: ? »
=; i j t i H s  =
; = = =





























IHMi i = m s...... ,
”
I
i m iu  









= ^ 1 : -  g



















i im u  H i m
m mu r n  H i m
i mm i mm ia  
m m m i M
i i
m m  j
i m m  
# m m










H N m  m m  
i s  i a
!
m  i i mm
i i
i m ;  g m m









i  i  = i 
i  * • •
’ .I








# r r n r n
i m  iu r n i  i a









m m  I
......... * E
1 1  § :
Li si ; m  I »
J ;
-Vi i
I *  s
=% ==
5 5
V ; i d ;
251
PROGRAMME TO DETERMINE THE FLOW CAPACITY OF 
TRUE HALF-ROUND GUTTERS
NAME: HR
OBJECT: To d e te rm in e  th e  f lo w  c a p a c ity  o f  t r u e  h a lf - ro u n d
g u t te r s  o f  v a r io u s  le n g th s  
C hecks: The v a l i d i t y  o f  th e  programme was checked by  com p aring
th e  peak d e p th s  as c a lc u la te d  by th e  programme w i th  th e  Marsh 
e x p e r im e n ta l pe a ks . T h is  com parison i s  made in  T a b le  33 .
In p u ts :
G u t te r  d ia m e te r  D
Number o f  s ta t io n s  NT
O u tp u t code K
G u t te r  le n g th  X
I n i t i a l  e s t im a te  o f  maximum INF
in f lo w  r a te  p e r  u n i t  le n g th  
O u t l in e  o f  programme:
An e s t im a te  o f  th e  maximum in f lo w  p e r u n i t  le n g th  th a t  
th e  g u t t e r  can c a te r  f o r  i s  made. The c r i t i c a l  de p th  a t  o u t le t  
i s  fo un d  in  on i t e r a t i v e  fa s h io n  and t h i s  i s  em ployed as th e  
s t a r t in g  de p th  in  th e  H in d s  a n a ly s is .  The w a te r  s u r fa c e  p r o f i le  
i s  d e te rm in e d  as e x p la in e d  f o r  GUT 3 and th e  peak f lo w  d e p th  i s  
a b s tra c te d . The fre e b o a rd  a llo w a n ce  i s  added to  th e  peak f lo w  
d e p th . T h is  de p th  i s  compared w i th  th e  g u t t e r  r a d iu s  and i f  th e  
tw o v a lu e s  do n o t agree to  a s p e c i f ie d  a cc u ra c y  a n o th e r  e s t im a te  
o f  th e  maximum in f lo w  r a te  i s  made and th e  p ro ce ss  re p e a te d  u n t i l
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th e  r e q u ir e d  a ccu ra cy  i s  o b ta in e d .
O u tp u ts :
Code, K = i  -  v a lu e s  o f  a l l  v a r ia b le s  a f t e r  e ve ry  
i t e r a t i o n  a t  e v e ry  s ta t io n  f o r  e ve ry  
e s t im a te d  in f lo w  r a te  v a lu e .
Code, K = 2 -  f i n a l  va lu e s  o f  v a r ia b le s  and f lo w  d e p ths
a re  g iv e n  a t  each s ta t io n  f o r  e ve ry
e s t im a te d  f lo w  d e p th  v a lu e .
Code, K >  2 and p = 1 -  th e  v a lu e s  o f  v a r ia b le s
a t  th e  l a s t  up strea m  s e c t io n  a re  g iv e n  f o r  
e v e ry  e s t im a te d  f lo w  de p th  va lu e  
Code, K ^  2 and p ^ l  -  th e  v a lu e s  o f  v a r ia b le s
a t  th e  l a s t  up strea m  s e c t io n  a re  g iv e n  o n ly  
f o r  th e  maximum p e rm is s ib le  f lo w  d e p th .
These v a r ia b le s  in c lu d e :
Maximum in f lo w  r a te  p e r  u n i t  le n g th  INF
C r i t i c a l  d e p th  a t  o u t le t  YCRIT
Peak de p th  Y(NT#J )
Peak a re a  o f  f lo w  A (N T ,J )
D es ign de p th  YFIN
D esign a rea o f  f lo w  AFIN
L im i ts  p la c e d  on programme:
Maximum number o f  i t e r a t i o n s  when d e te rm in in g  c r i t i c a l  
d e p th  a t  o u t le t  e q u a ls  f o r t y
Prob lem s a s s o c ia te d  w i th  program m e: 
As f o r  p re v io u s  programmes 
G eom etry :
As f o r  GUT 2
TABLE 33: COMPARISON OF MARSH RESULTS WITH OUTPUT FROM HR
D isch a rg e  
in  m V s
In f lo w  p e r 
u n i t  le n g th
in  m2/ S
Marsh Peak 
in  m etres
'H R ' Peak 
D epth 
in  m e tres
0,0004546 0,0000745 0,03 18 0,03076
0,0009092 0,000149 0 ,04 46 0,04 36 6
0 ,00 13 64 0,000224 0 ,05 19 0,05 27 0
0 ,00 18 18 0,000298 0 ,0 5 8 4 0,06 10 4
0 ,00 22 73 0,000373 0 ,0 6 6 0 0 ,06870
















THE ANALYSIS OF THE RESULTS OF THE MATHEMATICAL MODEL 
A n a ly s is  o f  th e  R e c ta n g u la r  g u t t e r  r e s u l t s
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Graph 12- Med" of lcg(inf^v&lcg(y)-kr b=Q2m
# a i ||l|l|im
! iiH  i! i l l i L U  
LEGE.MD
O Gurrtr kngtK = 3m
A 1 " 5m
G  " 10  m
V  ' * = 15m
X '  " -  20m
® ' '  .  25m
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Graph 13- Plot of log (inf) vs !o^(y)fcr b= 0,4.m
L E G E N D  
G Guti'cr leng+h = 3m
A " 5m
Q ‘ 10 ro
V ‘ " \5rn
X '  '  -  20m
® ' '  - 25m
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GraphM = Ptd" of logCirfl vs IcgCyMbr b- Q5m
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OraphlS' Plot" of IcgOnOvs IcgCy^fcrb-Qbm
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DETERMINATION OF THE EQUATION OF THE DESIGN CURVE 
FOR RECTANGULAR GUTTERS
The e q u a tio n  o f  th e  c u rv e  as seen in  g ra ph  4 has th e  fo rm
lo g  ( i n f . x 1 ,0 ^ )  s m lo g  ( y b ^ ' ^ )  + C
o r  i n f . x 1 ' 05 = (y b 0 - 67) "  . K
w here  K = lo g  C
and th e  s lo p e  m = lo g  -  lo g  ( i n f . x ^ ' ^ ) 2
lo g  (y b 0 ' ^ ) !  -  lo g  ( y b ° '^ '7)2 
To d e te rm in e  th e  v a lu e s  o f  m and l< a c c u r a to ly  o la r g e  
num ber o f  v a lu e s  o f  i n f . x ^ ' ^  and y b ^ ' ^ l y i n g  on th e  c u rv e  were 
a b s tra c te d  from  graph 4 .These v a lu e s  a re  l i s t e d  in  T a b le  34 
P a ir s  o f  i n f . x ^ ' ^  and y b ® '^  v a lu e s  were th e n  used to  d e te rm in e  
th e  s lo p e  m by means o f  th e  above fo rm u la . The r e s u l t s  a re  in
T a b le  34 . The mean v a lu e  o f  m i s  1 ,6 1 4 4  and t h is  v a lu e  o f  m i s
used to  d e te rm in e  K f r o u  th e  fo rm u la  
K = i n f . X 1,05
The v a lu e s  o f  K th u s  d e te rm in e d  a re  l i s t e d  i n  T ab le  35 . The 
mean v a lu e  i s  th e n  d e te rm in e d  and i s  K = 1 ,< '9 4 .
Thus th e  e q u a tio n  o f  th e  c u rv e  i s  g iv e n  by 
i n f . x 1 - 05 = 1 ,42 94  (y b 0 ' 6 7 ) 1 ' 614
T h is  e q u a tio n  i s  checked by c a lc u la t in g  th e  v a lu e s  o f  
i n f . x ^ ' ^  u s in g  g iv e n  w iv e s  o f  y b ® '^  and th e  above e q u a tio n .
The r e s u l t s  a re  l i s t e d  in  T a b le 3 5  and i t  i s  seen t h a t  th e  e q u a tio n  
g iv e s  e x c e l le n t  agreem ent w i th  tn e  a b s tra c te d  v a lu e s  o f  i n f . x ^ " ' ^ *
TABLE 3 4 :  DETERMINATION OF THE SLOPE OF GRAPH 4
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yb0 ' 67 s lop e ,m
0 ,0 0 0 7 0,00 89
1 ,61 29 4
0 ,0 8 0 ,16 80
0 ,0 0 0 9 0 ,01 05
1 ,62099
0 ,1 0 0 ,19 20
0 ,0 0 7 0 ,03 68
1 ,60959
0 ,3 0 0 ,38 00
0 ,0 1 0 ,04 65
1 ,62 37 7
0 ,1 0 0 ,19 20
0 ,0 0 1 0 ,01 11
1 ,60 74
0 ,0 1 0,04 65
0 ,0 0 2 0 ,01 71
1 ,61 76
0 ,1 0 0 ,1 9 2 0
0 ,0 0 4 0 ,0 2 6 2
1 ,61 57
0 ,2 0 0 ,2 9 5 0
0 ,0 2 0,07 05
1,6019
0 ,1 5 0 ,2 4 8 0
0 ,0 1 0 ,0 4 6 5
1 ,61 88
0 ,0 8 0 ,16 80
0 ,0 3 0 ,0 9 1 0
1 ,61 30
0 ,2 0 0 ,29 50
Mean s lo p e  m s 1 ,614369
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TABLE 3 5 1 VALUES ABSTRACTED FROM GRAPH 4 AND CHECK ON 
VALIDITY OF DESIGN EQUATION
as a b s tra c te d  
g ra ph  4
K l , 4 2 9 4 ( y b ° '6 7 ) 1 ' 614
0 ,00 07 0 ,00 89 1 ,43088 0,000700
0 ,00 09 0,01 05 1 ,40875
0,00 1 0 ,0 1 1 1 1 ,43097 0,00100.1
0 ,0 0 2 0,01 71 1 ,42456
0 ,0 0 4 0,0262 1,43072 0,004002
0 ,0 0 7 0,03 68 1,44675
0 ,0 1 0,04 65 1 ,41605 0 ,01 01
0 ,0 2 0,07 05 1 ,4 4 7 ’ j
0 ,0 3 0 ,0 9 1 0 1,43762 0 ,02986
0 ,0 5 0,12 60 1 ,41687
0 ,0 8 0 ,1 6 8 0 1 ,42478 0 ,00803
0 ,1 0 ,1 9 2 0 1,43502 0 ,09963
0 ,1 5 0 ,2 4 8 0 1 ,42458
0 ,2 0 0 ,2 9 5 0 1,43533 0 ,19 93
0 ,3 0 0 ,3 8 0 0 1 ,43060 0 ,29996
Mean K = 1 ,42940
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DETERMINATION OF THE EQUATION OF THE CURVE FOR 
RECTANGULAR GUTTERS AS SEEN IN  GRAPH 3
The e q u a tio n  o f  th e  c u rv e  a ls o  has th e  fo rm  
lo g  ( i n f . x )  = m lo g  +  C
o r  i n f .  x = ( y b ^ , ^ ) ni.K .
V a lues o f  i n f . x  and w ere a b s tra c te d  fro m  gra ph  3
and a re  l i s t e d  in  T a b le  36 . These v a lu e s  were th e n  used to  
d e te rm in e  th e  s lo p e  v a lu e s . R e s u lts  a re  in  T a b le  36,
The mean o f  a l l  o f  th e s e  m v a lu e s  i s  1 ,6 2 8 7 . I t  i s  seen 
th a t  th e  m v a lu e s  marked w i th  an a s t e r is k  d i f f e r  c o n s id e ra b ly  from  
th e  mean v a lu e . T h is  i s  due to  th e  d i f f i c u l t y  in  a c c u r a te ly
a b s t r a c t in g  th e  y b ^ ' ^  v a lu e s  from  g ra ph  3 . I f  th e s e  n v a lu e s  
a re  n e g le c te d , th e  mean m v a lu e  i s  e q u a l t o  1 ,62 51 3 .
The v a lu e  o f  K i s  fo u n d  u s in g  b o th  o f  th e se  v a lu e s .
R e s u lts  a re  l i s t e d  in  T a b le  36 . The mean v a lu e s  o re
( i )  f o r  m = 1 ,6 2 9 , R = 1 ,20833
( i i )  f o r  m = 1 ,6 2 5 , R .  1 ,18541
To check w h ich  o f  th e se  g iv o s  th e  b e s t r e s u l t s  th e  v a lu e  o f  i n f . x  
i s  c a lc u la te d  u s in g  th e  fo rm u la
i n f . x  = (yb® , ^ '7) m,K  and th e  2 s e ts  o f  m and K v a lu e s .
R e s u lts  a re  l i s t e d  in  T ab le  37.
I t  i s  seen th a t  i n f . x  s 1 ,1 8 5 4  ( y b 0 ,6 7 ) 1' 625 g iv e s  s l i g h t l y  
b e t t e r  agreem ent w ith  th e  a c tu a l v a lu e s . Thus t h is  i s  th e  
e q u a t io n  o f  th e  c u rv e  in  g raph 3 .
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TABLE: 3 6 : VALUES USED IN  DETERMINING THE 
EQUATION OF GRAPH a
i n f . x
in  * 3 / s yb0 ' 67 s lo p e  ,m
K f o r  
m = 1 ,6 2 9
K f o r  
m = 1 ,62 5
0,1 0 ,21 8
1,62321
1,19579 1,18852
0 ,0 8 0 ,1 9 0
1 ,62372
1,1 9 6 7 4 1 ,18882
0 ,0 7 0,17 5
1,61023
1,19726 1 ,18895
0 ,0 5 0 ,1 4 2
1 ,7 4 9 6 6 *
1,20 19 7 1 ,17909
0 ,0 4 0,12 5
1 ,5 6 4 1 4 *
1 ,18357 1,17378
0 ,0 3 0 ,1 0 4
1,62 22 4
1,19 77 7 1 ,18697
0 ,0 2 0 ,08 1
1 ,64882
1 ,19980 1,18 78 0
0 ,0 1 0 ,0 5 3 2
1 ,5 8 8 3 7 *
1 ,18 98 4 1,17596
0 ,0 0 7 0,04 25
1,16343
1,20075 1 ,18568
0 ,0 0 5 0,03 45
1 ,62624
1 ,20465 1 ,18854





1 ,20045 1 ,18174
0 ,0 0 1 0,01 28
1 ,63252
1 ,21159 1,19066










TABLE 37 : CHECK ON CALCULATED EQUATION OF GRAPH 3
y b 0 ' 67 M S S ^ Y b ^ 6 7 ) 1 ' 625 1 ,20 03 7(Y !? '6 7 ) 1 ' 629
( in f . x )
a c tu a l
0 ,2 1 8 0 ,09 97 1,00383 0 ,1
0 ,1 7 5 0 ,06979 0,070182 0 ,0 7
0 ,1 2 5 0 ,04029 0 ,04 05 6 0 ,0 4
0 ,0 8 1 0 ,019959 0,0200095 0 ,0 2
0 ,05 32 0,01 00 8 0 ,01 00 8 0 ,0 1
0 ,02 52 0,002993 0,002986 0 ,0 0 3
0 ,01 28 0,0009956 0 ,00099074 0 ,0 0 1
0,0103 0 ,0006994 0,0006953 0 ,00 07
PROGRAMME TO ANALYSE DATA FOR RECTANGULAR GUTTERS
NAME: YA
OBJECT: To a n a ly s e  th e  d a ta  f o r  r e c ta n g u la r  g u t te r s
In p u ts :
G u t te r  le n g th  x
Number o f  de p th  in p u ts  m
In f lo w  r a te  i n f
h op '' ii* li
d e s ig n  d e p th  y f i n
M ethod o f  C o m p u ta tio n :
The programme c a lc u la te s
db = y f i n  „ f o r  a s p e c i f ie d  number o f  d e s ig n  de p th
v a lu e s
O u tp u ts :
The o u tp u ts  o re  in f lo w  r o te ,  base b re a d th , d e s ig n  depth  
( re q u ire d  d e p th )  and db « .
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ANALYSIS Of THE TRAPEZOIDAL GUTTER
RESULTS
V a lu e s  o f  i n f . x  and = A d o g ^ '^ J w ere c a lc u la te d  f o r
b a s e -b re a d th s  u s in g  th e  o u tp u t d a ta  from  TRAP in  A p pe nd ix
0 ,0 9
v a r io u s
C. These v a lu e s  a re  shown in  ta b le s  38 to  41 .
DETERMINATION OF THE EQUATION OF THE DESIGN CURVE FOR
TRAPEZOIDAL GUTTERS (GRAPH 9 ) ;
The a n a ly s is  proceeded in  e x a c t ly  th e  same manner as o u t l in e d  
f o r  re c ta n g u la r  g u t te r s .  The mean s lo p e  i s  d e te rm in e d  in  ta b le  42 , 
and i s  g iv e n  by m = 1 ,33 79 71 . The mean K v a lu e  i s  d e te rm in e d  in  
t a b le  43 and i s  g iv e n  by K = 0 ,6 9 6 8 7 . The e q u a tio n  o f  g ra p h  9 i s
T h is  e q u a tio n  i s  th e n  checked by c a lc u la t in g  i n f . x  u s in g  th e  
above fo rm u la  and com p aring  th e  v a lu e  so o b ta in e d  w i th  th e  a c tu a l 
v a lu e  o f  i n f . x  a b s tra c te d  from  graph 9 . E x c e l le n t  agreem ent i s  
o b ta in e d  os seen in  ta b l<  43 .
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TABLES?: VALUES OF in f .x  AND 0 -  Adac°'2S FOR b -  0,30metros







TABLE 41: VALUE OP i
in  m /S metros
Sf fo r  0 fo r
0^03600
’ jolgel




0 ,00 3 0 ,01 71
1 ,34106
0 ,0 9 0 ,21 6
0 ,0 0 4 0 ,02 11
1 ,337615
0 ,0 4 0 ,1 1 8
0 ,00 5 0 ,02 5
1,333612
0 ,5 0 ,7 9
0 ,0 0 7 0 ,03 22
1,341819
0 ,0 9 0 ,21 6
0,01 0 ,04 22
1,336528
0 ,8 1 ,1 2
0 ,0 2 0 ,0 7
1 ,33 06 74
0 ,2 0 ,39 5
0 ,0 4 0,118
146137
0 ,1 5 0 ,3 1 '
0 ,00 5 0 ,02 5
1 ,342385
0 ,1 5 0 ,3 1 5
0 ,0 7 0 ,17 8
1,326923
0 ,3 0 ,53 3
0 ,0 1 0 ,04 22
1 ,342958
0 ,1 5 0 ,3 1 7
Mean m = 1,337971
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TABLE 4 3 ; VALUES ABSTRACTED FROM PLOT OF i n f . x  
VERSUS A .d e g '^ W b O .0 9 _________________




b0 , ° 9
K
tn = 1,338
0 ,6 9 6 9  / A d e q . '25 I '
V0'09 /
0 ,0 0 3 0 ,0 1 7 1 0 ,69402 0,003009
0 ,0 0 4 0 ,0 2 1 1 0,698506 0,003986
0 ,0 0 5 0,02 5 0,69 58 67 0,005001
0,00 7 0 ,03 22 0,694363 0,007016
0 ,0 1 0 ,04 20 0,695172 0 ,01001
0 ,0 2 0 ,0 7 0,701922 0 ,01983
0 ,0 4 0 ,1 1 8 0,6980425 0 ,03988
0 ,0 5 0 ,1 3 9 0 ,700836 0 ,04965
0 ,0 7 0,178 0 ,704752 0 ,06913
0 ,0 9 0 ,2 1 6 0,699429 0 ,08956
0 ,1 5 0 ,3 1 5 0,70 36 42 0 ,14837
0 ,2 0 0 ,3 9 5 0,693079 0,20 08 4
0 ,3 0 ,5 3 3 0,69 62 42 0 ,29 99
0 ,5 0 ,7 9 0 ,6854014 0 ,50773
0 ,8 1,12 0,6874423 0 ,80996
Mean K = 
Thus i n f ,
0 ,69687 
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